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PREFACE

The Proceedings of this Seminar form the third of a series of papers which
we are publishing at irregular intervals to report on research work by members
of the Library staff (see inside back cover).

From January 1967 until June 1969 a research programme was supported by
the Office for Scientific and "Zechnical Information; it has now become part of
the Library's normalS activities. The aim of this work is to see how far it is
possible to carry out mathematical modelling of the operation of an academic
library and its interactions with users, in order that managerial decisions may
be made on a rational rather than an an intuitional basis. The research team
comprised Mr., Michael K. Huckland, Dr, Anthony IiindIe and Mr. Ian Woodburn,
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FOREWORD

For the past two or three years work has been proceeding within the
Universities of Durham and Lancaster and elsewhere to identify and describe in
quantitative terms various factors which affect the operation of libraries of all
types, but principally within the university sphere. OSTI, which has provided
financial support for many of these programmes, has organised regular meetings
under the generic title of Operational Studies Seminars, and these have been well-
attended and profitable to those taking part.

Nevertheless this was a closed and informal group: no formal records were
ever published, and its discussions, being of the nature of progress reports, would
not in any case have been particularly valuable to outsiders. The research team
at Lancaster felt that the termination of its OSTI support in June 1969 afforded a
suitable occasion for a wider discussion of this type of work, and its first inde-
pendent activity was to organise a Seminar on Planning Library Services, with
special emphasis on quantitative methods. A distinguished team of speakers was
enlisted, and those taking part spent more than two days in discussing in some
depth various aspects of the problem.

Proceedings were again informal: preprints were circulated by most of the
speakers, who could then concentrate on highlighting specific points. This policy
paid dividends, and the quality (and quantity) of the discussions was extremely high.

We have not attempted to reproduce discussions in extenso; and to keep pro-
duction costs to a minimum we include in this volume the preprints exactly as
submitted by the authors, with only four exceptions: Messrs. Brookes, Hindle,
Leinakuhler and Vickery for varying reasons - have revised their contributions
for publication. All opinions quoted are those of the speakers and do not necessarily
represent the views of the organisations to which they belong.

My thanks are due to all those who gave papers and took part in the discussions;
to Mr. M. K. Buck land, who acted as Seminar Secretary and carried out all the
complicated logistic exercises which made the occasion run smoothly; and to Mr.
I. M. Stuart, who undertook the difficult task of reducing to a manageable form the
many hours of spirited discussion.

A. Graham Mackenzie
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THE LIBRARY/INFORMATION SERVICE IN AN INDUSTRIAL
RESEARCH ESTABLISHMENT: PLANNING AND PROSPECTS

H. F. Dammers

INTRODUCTION

The increasing pace of change in our environment makes it ever more important torationalise the manner in which we are trying to adapt the functions and operations of ourorganisations to changing demands. This planning activity is particularly important inan industrial research environment, which tends to be subject to changes in science andtechnology, as well as in commercial objectives. Such changes are likely to have an im-portant bearing on the function and capabilities of the library/information service con-cerned.

Whereas for a university library the main problem might be stated as how doeson operate a given large system efficiently and adaptively?, in our case it appears to behow does one develop system(s) that will meet demands in a rIpdily changing environment?

The present paper attempts to discuss some of the problems associated with thistype of exercise and this on the basis of experience gained in the deVelopment of an in-formation service at the Shell Research Laboratories in Sittingbourne, Kent. Thesituation at Sittingbourne is perhaps of particular interest in that during the past 6-7 yearsthe responsibility for developing and operating the information, as well as computer,facilities rested with one and the same group (Technical Information Services); this hasled to a far greater degree of integration than is likely to be found in nearly any otherorganisation. It has obviously influenced very strongly the philosophy of approach.Many of the ideas in this area are still very fluid and may change with time.

2. OUTLINE OF DEVELOPMENT AT SITTINGBOURNE

In order to put our discussion in perspective, it may be useful to outline briefly themajor developments relating to library/information services at Sittingbourne.

The formation of our library/information service dates back to 1.955/56 when theEuropean research activities of companies of the Royal Dutch/Shell Group concernedwith its chemical products used in agriculture and public health were brought together inShell Research Limited, Woodstock Agricultural Research Centre, at Sittingbourne;in 1959 this was followed by the establishment of the neighbouring Tunstall Laboratory,responsible for the study of environmental health aspects of Shell products. In 1963, theMilstead Laboratory of Chemical Enzymology was added to the research institutions onthe site. As the name implies, this Laboratory was concerned with biochemistry-oriented basic research, dealing in particular with the study of natural products and
micro-organisms. Although the creation of these establishments represents perhaps themajor organisational change on the site, it-is bY no means the only significant one, asresearch object ives in various areas are continually subject to modification.

In a previous paper(1), an outline has been given of our actual and expected dev-elopments as regards mechanisation of our centralised information services. This, itwas felt, could conveniently be presented as a series of development phases, of 2 yearseach, covering the period 1962 -1972.
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For the purpose of the present discussion, it appears more useful to use a break-
down according to the dominant type of information staff activity. This leads us to,
distinguish 3 stages of roughly 6-7 years each which may be briefly indicated as follows:

1955-61 - A period during which the main emphasis was placed on building up of ade-
quate library facilities; the type of staff activity concerned was predominantly
that of a technical libraripn.

1961-67 - During this period the dominant role was that of the information specialists;
coding, storage and retrieval of a variety of research data, the application
of computer facilities for this purpose, and literature information searches
were some of the major preoccupations.

1967-73? This period starts with the availability on site of on-line computer facilities,
allowing a much more efficient and intensive use of such facilities, and with
the application of computer operated SDI systems. The emphasis appears
tO be more and more on the design and implementation of computer operated
storage and retrieval systems adapted to specific site requirements. The
dominant type of staff activity is perhaps that of the information technologist(1).

3. STAGE 1. (1.955-61) - DEVELOPMENT OF LIBRARY FACILITIES

The main emphasis during this period was on the creation of proper library facilities,
i. e. the provision of an adequate book collection, journal holdings and subject filing
system.

A rather crucial point on which guidance was needed was how big the collection should
be for the organisation served. Variotis routes were attempted in an effort to find an
answer to this.

a) Plotting of the holdings of ca 30 industrial and scientific libraries, considered to be
relevant to our case, provided a graph, presented in Figure 1(2). It relates the
number of periodicals received with the total number of volumes held (books and
bound periodicals). This graph provided us, inter alia, with a means of assessing
whether the number of periodicals received was realistic in relation to the size of the
library.

b) Another approach is to take data such as those published by Bourne(3) concerning the
distribution of scientific and teChnical literature according to subject field and use
this to relate the size of the library to those in other subject fields.

A third approach attempts to take into account the number of potential users. As a
rule, one tends to find that the relation between the number of potential. users and
the size of the literature collection is not a simple linear one.

It has been suggested earlier(2) that the library, looked upon as the intermediary
between the relevant world literature and the information already held by the users
collectively, might perhaps, --as regards:size, approximate their geometric mean.
(Figure 2) (Using the apprdich, if is difficulfie see how the average British university
library could justify a library of more than 200, 000 volumes - a view that is reinforced
by cost effectiveness considerations)
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Figure 2

LIppary_holdinp in relation to the total

f relevant literature world wide

If the site library is viewed as an intermediary between

the relevant world literature and information already held by

the users on site collectively, it seems reasonable to suppose

that the following relationship might have some validity:

IL

in which I

Iw

information in site library

= information in world literature
relevant to the activities of the
site served by the library

information held by the users/
scientists on the site collectively

The relation suggests that the Special library only grows

according to the square root Of the,Corresponding growth in

relevant world literature; it also seems to predict with some

measure of success the relative size of special libraries.
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The various routes indicated are very dissimilar; hence if they all point to a similar
result, one tends to accept the outcome with some confidence. In our case, they all
appeared to be consistent with a library size of around 20, 000 volumes, which at the time
appeared to be a quite acceptable estimate.

Another aspect during this phase that needs mentioning is subject filing. With the
very limited staff available at the time, it was necessary to use a system for storage
and retrieval of papers/documents of particular interest that would combine low labour
effort in operation and maintenance With ease of adaptation.and lack of 'predictive con-
straints'. This was the 'lattice index system' which has been briefly described in an
earlier paper(4). It did indeed match the requirements it was designed to meet, i. e.
it provided an effective subject filing system coupled with a highly adaptive indexing system
that could follow changing research interests readily. The system is still in use although
a major portion of its function has now been taken over by our computer operated systems.
The system itself is now gradually being transferred into machine-readable form in order
to make its relational information available for computer work on dictionary look-ups,
associative searching etc. The lattice index made us aware of the cost of indexing systems.
Even though this one, as far as subject filing/indexing systems go, was a relatively low
cost one, it may well have absorbed at least £10, 000 in labour effort and materials by the
time it.had grown to a system containing ca 1.2, 000 files with the associated index.

This may sound substantial but is very modest when comOared with various more
elaborate indexing systems used in scientific laboratories, which may have cost £50, 000
or more, not to mention the basic indexing systems used in university libraries, the
catalogues, which may represent an investment in labour and materials of £250, 000
£500, 000. The awareness of the heavy investment in manual indexing systems, coupled
with the difficulty of implementing modifications once they have grown to a substantial
size, has led us to avoid developments in which such systems might have to play a major
role.

4. STAGE 2 (1961 67 - MAIN EMPHASIS ON RESEARCH DATA HANDLING

This stage might perhaps be described as one in which the information specialists,
as defined by Dolan(5), played a major role, i, e. most developments were those one
might consider to be associated with this type of staff.

This arose first of all from the fact that far greater emphasis was placed on the
handling of research data. During Stage 1, this had been dealt with by means of edge-
punched card systems and later also by systems such as those described by Fletcher
and Dubbs(6) using Kardex display systems, but by the early 1.960's it became evident
that a comprehensive system for our research data was required, and that only computer
processing would offer hope of coping with the rapidly growing collection of data in a
flexible and adaptive manner.

It was also clear that the comprehensive system needed to be developed centrally,
i. e. not as a specific responsibility of one of the user groups concerned. Hence this
task was undertaken by.the Technical Information Services. It gave rise to a computer
operated system for chemical structure storage and retrieval covering ca 50, 000 organic
compounds: this system makes use of structure input in the.form of IHPAC notation and
,on paper tape as praduced by a chemical structure typewriter(7). It has already been
dealt with at some length in earlier papers (8, 9), hence it needs no elaboration here.
In addition, computer operated systems ta deal with around 2 million biological test
results obtained on these chemicals were developed; recording in this case has thus far

12
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been mainly on punched cards in fixed field format in order to allow handling as visual
record, processing by punched card sorter and by computer(4, 10).

Activities such as these provided a challenging task area and training ground for our
information specialists.

Moreover, in the first half of this stage there appeared to be a significant demand
for information specialist type of activities such as literature searches and surveys,
current awareness work in line with the then accepted function of the information specialist
as a mediator between the body of scientific literature and the research worker. Dolan's
definition(5) of the information specialists as being "those trained in a substantive technical
field who have, in addition, some breadth of technical knowledge of the technical literature"
appeared very appropriate to our case.

During Stage 2 we placed in fact considerable emphasis on the information specialist
type of activity and the activities concerned did correspond quite well with those indicated
in Figure 3, taken from Dolan's paper(5).

However, full implementation of the information specialist function to cover the
main areas of research activities in our laboratories proved increasingly difficult to
justify. The main reservations can perhaps be outlined as follows:

a) Various assessments suggested that really effective use of the information specialist
approach in our ease might require the number of staff of this type to be at least 5%
of the number of research staff served. It was clear that it would be very difficult to
jUstify expansion of our budget accordingly, partly because it is virtually impossible
to demonstrate the economic merits of such an expansion.

b) The quandary mentioned above is not made easier by the fact that, particularly in
research, there is reason to doubt the merits of using an intermediary such as the
information specialist in the information transfer process. This doubt appears to
get some support from research such as that by Barhydt(11) whinh tends to indicate
that the only reliable judge as regards the relevance of literature to a specific user
requirement is the user himself.

c) Associated with this is the difficulty, pointed out in an earlier paper(2), of selecting
in a current awareness service the papers considered to be of interest to particular
groups of research workers. Selecting the 2, 000 - 3, 000 per annum obvious ones
is relatively easy, but this is unlikely to satisfy those who are concerned with the
more exploratory and innovating aspects of research work. Information from fringe
territories is often a particular value in innovation and, in connection with this, it
is of interest to consider the volume of literature at various possible levels of relevance
depicted in Figure 4 and to ask oneself what level one should aim at when selecting
literature for current awareness.

Considerations such as the above brought us to move towards systems which would
enable the research worker to do the selection of relevant literature himself whilst re-
lieving him from most of the drudgery associated with such a task. This was to be
achieved by implementing a computer operated SDI system, whereby the user himself
would be respensible for adjusting his search profile according to his requirement.



F
i
g
u
r
e
 
3

W
o
r
k
 
r
e
l
a
t
i
o
n
s
h
i
p
 
b
e
t
w
e
e
n
 
s
c
i
e
n
c
e
 
l
i
b
r
a
r
i
a

t
e
c
h
n
i
c
a
l

i
n
f
o
r
m
a
t
i
o
n
 
s
p
e
c
i
a
l
i
s
t
/
i
n
f
o
r
m
a
t
i
o
n
 
s
c
i
e
n
t
i
s
t

D
u
t
i
e
s

.
I
n
f
o
r
m
a
t
i
o
n
 
a
w
a
r
e
n
e
s
s

a
(
F
i
n
d
i
n
g
 
o
u
t
 
w
h
a
t
 
b
a
s

(
b
)

b
e
e
n
 
g
e
n
e
r
a
t
e
d
?
 
w
h
e
r
e
?
 
)

(
c
)

d

B
o
o
k
s

G
o
v
'
t
 
r
e
p
o
r
t
s

A
r
t
i
c
l
e
s
 
f
r
o
m
 
p
e
r
i
o
d
i
c
a
l
s

P
r
e
p
r
i
n
t
s
 
a
n
d
 
r
e
p
r
i
n
t
s

2
.
 
S
e
l
e
c
t
i
o
n
 
o
f

a (
b
)

(
c
)

d

B
o
o
k
s

G
o
v
'
t
 
r
e
p
o
r
t
s

A
r
t
i
c
l
e
s
 
f
r
o
m
 
p
e
r
i
o
d
i
c
a
l
s

P
r
e
 
r
i
n
t
s
 
a
n
d
 
r
e
p
r
i
n
t
s

.
A
c
q
u
i
s
i
1
-
7
p
u
r
c

e
?
 
l
o
a
n
?
 
c
o
p
y
?

.
 
D
i
s
s
e
m
i
n
a
t
i
o
n

.
 
A
b
s
t
r
a
c
t
i
n
:

.
.
 
I
n
d
e
x
i
n
g

a
 
B
o
o
k
s

(
b
 
)
 
G
o
v
'
t
 
r
e
p
o
r
t
s

(
c
 
)
 
A
r
t
i
c
l
e
s
 
f
r
o
m
 
p
e
r
i
o
d
i
c
a
l
s

d
 
P
r
e
l
r
i
n
t
s
 
a
n
d
 
r
e
t
r
i
n
t
s

.
S
t
o
r
a
g
e

p
h
y
s
i
c
a
l

8
.
 
R
e
t
r
i
e
v
a
l

(
b
)

(
c
)

R
e
f
e
r
e
n
c
e
 
(
f
a
c
t
 
r
e
t
r
i
e
v
a
l
-
3
.
-

L
i
t
e
r
a
t
u
r
e
 
s
e
a
r
c
h
 
(
b
i
b
l
i
o
g
r
a
p
h
y
)

L
i
t
.
 
s
u
r
v
e
y
s
 
(
s
t
a
t
e
-
o
f
-
t
h
e
-
a
r
t
 
r
e
p
o
r
t
s
)

9
.
 
D
a
t
a
 
f
l
o
w
 
a
n
d
 
c
o
n
t
r
o
l

1
0
.
 
S
y
s
t
e
m
 
m
a
i
n
t
e
n
a
n
c
e

1
1
.
 
S
y
s
t
e
m
 
r
e
s
e
a
r
c
h
 
a
n
d
 
d
e
v
e
l
o
p
m
e
n
t

L
i
b
r
a
r
i
a
n

10
11

11
0

I
n
f
o
.

I
n
f
o
.

S
p
e
c
i
a
l
i
s
t
.

S
c
i
e
n
t
i
s
t

A
c
e
.
 
t
o
 
D
o
l
a
n
,
 
i
n
t
.
 
J
.
 
M
a
n
.
 
M
a
c
h
i
n
e
 
S
t
u
d
i
e
s
,
 
1
,
 
3
9
-
5
0
 
(
1
9
6
9
)



Systems of this type have been operated by us since early 1967(2, 12), using CT
and CBAC tapes received from Chemical Abstracts Service. Since the beginning of 1969,
we have been operating such a service very successfully on basis of CA Condensates
tapes, which are searched on our computer at Sittingbourne(10, 13).

The above case illustrates our tendency during the latter part of Stage 2 to move
away from our use of information specialists as intermediaries between the body of
recorded information and the user; instead they have tended to become responsible for
developing systems which would allow the user himself to interact direct with the body
of information he needs to consult. Hence in a way we were tending to go back to the
situation where the scholar himself searches in the library material for the information
he needs.

STAGE 3 (1967-73 ) DOMINANCE OF THE INFORMATION TECHNOLOGIST

The trend already apparent during the last part of the previous stage is expected to
become more dominant in Stage 3, i. e. the emphasis will be on the development of
systems providing the user with better direct access to the information he requires.
Such systems tend to be computer-oriented and hence depend for their development and
operation significantly on ready access to computer facilities. It is therefore not
surprising that this development really gained momentum only when we got direct access
to computers early in 1967 via a Univac 1004 operating on-line to a Univac 1108, and
during the second half of 1968 via a Univac 9300 again linked witha Univac 1108,

There are in our case already a number of information search and consultation
activities where we are gradually progressing towards a more direct user/system inter-
action. As examples we might mention:

Chemical structure search - Search procedure are being simplified to such an extent tha.1
before long the user will be able personally to initiate computer searches for specific j

structures and substructures in our compound files.

With regard to output, we are moving towards a situation whereby the user will be
provided not just with a list of compound numbers matching his enquiry but also structun'
formulae.

Property data searches - Here the user will be able to ask for tabulations; for searches
according to specific property patterns. As a further aid to interactive use of the compt4
held files, we hope to be able to make a start next year with providing suitable visual I

display facilities.

Literature information handling Our SDI operations, based on the use of Chemical
Abstracts magnetic trcie files, already involve the majority of research workers on our
site; ca 2, 000 references per week being selected via the 150 profiles used at present
to cover the various research interests. This system will be extended to include other 1

biology-oriented data bases. The research worker can control the operation via the forni
lation and modification of his profiles and by indicating Ms assessment of the references a
selected. He is also being provided with the means of retaining selected and relevant 4

references on a user tape file; access to this will be at first indirect, e.g. via a KWIC
index; it is envisaged that at a later stage rlirect access will be provided, e. g. via a
teletype.
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Figure 4

Volumes o erature at various_levels of relevance
to research at Sittin

1. Literature references relating
to specialist field

2. Pesticides literature - highly
relevant

Pesti ides literature - more general

4. Pesti ides Doc. Bulletin or Ringdoc.

bourne

Reference annum

700

2,000 - 3,000

10,000 - 15,000

30,000 - 50,000

Bibl. of Agricult. or Chem. Titles etc 100,000 - 150,000

All relevant fields (chem. and biol.) 300,000 500,000

All scientific and technical literature 1 - 2 million

It is of interest to note that a surprisingly large
proportion of systems appear to be working at level
2, whatever the fieldr suggesting:that the level of
selection tends-to be subjeCt-independent.
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In addition, various other information and data files, relevant to specific users
only, are being created in cooperation with the users and in other cases by the users
themselves, with responsibility for maintenance and use vested in the user.

The information expert required for this type of development would appear to be
the information technologist rather than the information scientist. In this we are
following the definition given by Taylor(14) of information technology as being concerned
with the development, design, and operation of information systems, whereas information
science is concerned with the basic sciences underlying information system development.
It would seem obvious that the information expert working in an operational environment
such as an information service is more likely to function according to the former
definition than to the latter.

The move towards direct user/system interaction poses demands as regards hard-
ware and software which as yet are difficult to meet. It means the'need for various
direct access points (terminals) and this again generates the demand for processing and
storage equipment capable of supporting the terminals in a flexible and efficient manner.
The task of plotting an economically and operationally acceptable route for progress alonc ,

these lines is a demanding one.

Such development also means that one can no longer ignore the integrated systems
approach, i. e. in order to gain full advantage as regards economy and flexibility, one
has to link related systems so that the costs of operations common to more than one
subsystem can be spread over the system as a whole. This approach also makes it pos-
sible to incorporate greater flexibility and to provide more user options than is often
feasible with separate systems. Such an approach, however, is as yet little explored
and perhaps rather hazardous to implement.

Another trend which may well become more apparent during the next few years
is that of the decline in coverage of the relevant literature which can be made available
in one's own library as a result partly of the financial inability of libraries to keep up
with the expansion of the world literature, and partly of the increased demand for currentj
literature created by SDI services. This phenomenon has been discussed in an earlier
paper(2); it may be of interest to illustrate it here with one of the tabulations given in
that paper in 1967. (Figure 5)

The expectation, reflected in the table, was that our SDI service would stimulate
interest in a wider range of literature sources and that the growth of our own site
library would not be able to keep pace with this. As a result, borrowing from outside
sources would increase strongly. The expected growth of outside boirowing given
in the table actually corresponds with an increase of 50% per annum. The implementation/
of the SDI system using CA Condensates tapes on our site computer has led to a rather
more rapid growth of this system than indicated in the figure; ea 150 profiles are now
(mid-1969) being run. Analysis of the output suggests that the number of papers relevant
to research at Sittingbourne is indeed of the order of 40, 000 per annum, but perhaps only
50% of these are considered significant. Borrowing from outside sources has increased
by 50% comparing the first half of 1969 with the first half of 1968. In connection withthis, it is of interest to note in Dr. Urquhart's paper that the National Lending Library
has recently been experiencing an increase of ea 20% per annum in demands for loans.
Although we will need to await the results of at least another year before we can confirm
the trend with some confidence, it would appear that the results obtained so far are not
inconsistent with the expectation expressed earlier, i. e. that the need for borrowing will

17



Figuro 5

EstImate of literature relevant and bor -d

at Shell Research, Sittingbourne

Relevant papers in
literature received

Relevant papers in
literature not received
on site

1967

ca 15,000

ca 10,000

Total ca 25,000

Relevant papers borrowed

1972

ca 16,000

1)
ca 24,000-

ca 40,000

ca 3,000 ca 24,000

1)
i.e. 6 papers per 'profile' per weelc if
75 profiles are used in searching the
literature tapes
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continue to expand considerably and that therefore longer-term there ought to be a case
for a national network allowing libraries to have direct access to large depositories of
literature such as the National Lending Library.

This approach would envisage requests being sent via the computer network and the
paper required to be transmitted for printing out on-site via a suitable on-line printing
device.

The 1967 paper discusses in some detail the technical and operational feasibility
of this approach, Developments since then have not given cause to change the view
stated then that such an approach might well become viable during the first half of the
19701s.

In addition, we are likely to witness direct data transmission, e.g. between
laboratories, replacing at least in part the present procedures based on transport of
printed matter.

Trends such as those outlined above all appear to point to a decline of a variety
of conventional information handling and transfer functions.

SOME OBSERVATIONS ON LONG TERM TRENDS

It may be obvious from the above that our situation with its very close link between
information and computer services is as yet rather exceptional; furthermore, it is
quite clear that one or two years of development along the lines indicated will be needed
before one can confirm with some confidence the various trends postulated. Neverthe-
less, with these provisos in mind, one may perhaps be a tiowed to restate the overall trenc:
which suggests itself on the basis of our experience.

It is that the information service will tend to ;cce-ne more and more a subsystem of
the computer facilities serving the organisation con; ernzel; at the same time, the res-
ponsibility for the actual operational use of information systems will more and more pass
into the hands of the users themselves.

Again to illustrate this we may perhaps use one of the figures given in an earlier
paper(1). This figure (Figure 6) did illustrate the total staff effo rt concerned with
centralised information storage and retrieval and.dissemination (I.SRD) activities at
Sittingbourne expressed as a percentage of the total staff on site.l'or the years 1962-72.

During the 2 years since 1967, the relative decline in staff effort has been much
faster than foreseen in Figure 6; this decline is associated with a much more intensive
use of computer facilities made possible by the provision, since May 1967, of direct
access to computer facilities at Sittingbourne.

The decline is accompanied by a move of some of the staff towards more general
systems work on computer applications. The way thinv are developing in our case
suggests that this decline is going to continue, if not at *1-le same rate as experienced in
the period 1967-69.

It is veley hazardous to predict longer-term etends in our rapidly changing envixonmel
Nevertheless, our experience so far appears to point at the possibility that in Our case the
centralised ISRD facilities may perhaps gradually disappear as a separate operational
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eRtity during the next decade. The user would feed his data/information in direct and
consult the stored information direct; a central information service would no longer
be operationally involved in this process. The task of the information expert would
primarily be concerned.with information system design and development matters and
no longer with operation.

Whether such a development is likely might, in part, be judged from the projected
manpower, and capital resources devoted to library/information work on the one hand,
and computer activities on the other. (see Figure 7)

Perhaps we may also see the gradual decline of medium-sized specialist libraries
such as ours, although this would depend on the inherently slow development towards
effective large regional and national data and information centres as part of a national
network. The future task of the information expert remains a very considerable one;
however, it will be very different from the one he has conventionally been associated
with.
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ON I=RMATION STORAO MODELS

by

F. F. Leimkuhler **
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Information storage theory is not a well-defined area of research in the

formal sense and one is still free to make of it what he wants. My awn

viewpoint is that of an industrial engineer and operations researcher who

has been seeking ways to develop mathematical models for the analysis and

design of library-type Information storage systems. The word "storage" can

evoke some bad vibrations in library circles where it is associated wlth the
.

least respectable aspects of librarianship, but I choose to use the word in
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a broad and inclusive sense. While it may be more meaningful to define

libraries as communications systems which transfer information through time

and space, such transfers are accompanied by significant delays which give

ise to meaningful storage problems. The study of libraries from the storage

viewpoint can identify some crucial aspects of information systems which are

often overlooked or ignored when the focus is on communication.

Although I have been working at storage models for several years and

have advocated its practical importance to libraries, I am quite aware that

it is not an easy matter to translate theory into practice. It has been

my experience that action follows from need, but that better action can

result if same goad theory is available to help diagnose the need and to

guide the remedial efforts. Our present.t,heory i4 quite rudimentary from

a research viewpoint and has a good way tolgo before it reaches the sophisticated

state of, say, modern inventory theory, but the beginnings are there and

there is good promise of a rich harvest.

It seems a bit ironic to me that the first important exploitations of

this new study of library systems and the.best guarantee of its continued

support are probably going to come fromoutside the library proper. -It is

in the desigh of automated special purpose information syatems that one has

the greatest freedom to make innovations; and the zreatest pressure to apply

a uniform economic and technical yardstick to every facet of the system.

Conventional libraries are already mature technological systems in their

own right. They are predicated on an earlier piece of mechanical wizardrY --

the printed book and a well-developed clerical work system to support its

exploitation. Within th bounds most of the waste has been trimmed away

in the long lean'years experience. As with a magnificent old clock, one



doesn'i tamper with it; If you want to keep it running, you will have to find
parts made to the original specifications.

-:Still, I find it fruitful and hopeful to pursue the study of information
storage systems in the context of conventual libraries. They offer a rich
source of experi ental data, and a wealth of ingenuity in an operational
setting. As a "going" system it is a good place to test the validity of
one's models. Furthermore, there are plenty of indications that some radical
changes in library operations axe going to have to occur in the not too distant
future.

Space Models

A good first example of the nature and implications of storage theory
is the book shelving model which was developed at Purdue several years ago
(1, 2). The model assigns a given collection of books to a set of shelves
with those lengths and heights which will minimize the shelf area required.
The direct application of this model to-some representative library collections
has indicated that relatively efficient storage can be achieved by using only

,(three or four different heights; and, in fact, by shelving large books on
their fore edge, one can do remarkably

well wi-th only two shelf heights (3).
This result poses an interesting questionto those large libraries which
presently employ eight or more size clasWications in their depository-type
storage areaa. It also calls into question the wisdom of spending.extra money
on variable height shelving and the practO,ce of alijusting shelves up and down
as new books are,added. But these are rp.ther minor benefits, and, p rhaps,
the greatest immOdiate importance of the, RodeliScits ability to silow rigorouily
that one is not going to achieve

dramatiqreductions in_spaceutilization'



through shelf arrangement alone. If all books could be stored by sIze on
--

their. ;ore edge, the best one could do is to double shelving capacity (4).

This it not by any means a long run solution to library storage problems.

Qf considerable interest are two recent applications which are peripheral

to the shelving problem. In one instance, the MARC catalog tapes produced

by the Library of Congress were examined for the distribution of lengths

of the records they contain (5). Some 6, different record lengths were

found in a random sequence. When ordered by size, they form d a bell-

shaped distribution. The book shelving model was applied to find the optimal

record lengths to,use for blocking the tape so as ;to produce a fixed record

length tape with one, two, three, etc., different block sizes. The records

would be in conventional sequence within paich blodk size, and shorter records

would cause some loss of storage space. AR with books, it was found that

the use of only a few block sizes could make fixed:length processing relatively

efficient at the expense of more storage capacity.: Again, as with flipping

large books on their fore edge, the model could be° used in conjunction with

a program for selective code compaction ofrlonger records so as to achieve

an optimal balance of processing and storaae costs.

- 'An even more esoteric application of the basip shelving model is the

possibility of using it in the production:of microform records. For example,

in producing microforms of conventional bpRk matellial, one has to compensate

for the variable sizes of book pages. Whet set of, fixed frame sizes would

achieve an optimal balance between the cqst of handling variable frame sizes

and the cost of rep oducing blank spaces? If a single frame is used, it

must a commodate the largest page size 0 the expnse:of much excess capacity
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for smaller pages. If only two sizes are used, what smaller size is optimal?

The use of more sizes decreases lost area but increase the complexity of the

system. Again, as with the fore edge storage of books and the compression

coding of MARC tapes, variable magnification might be used, in conjunction

with the selecti n of optimal frame sizes. This complicates the analysis

considerably but allows for many, more options and the possibility of a much

better solution.

Another different sort of application of the book shelving model was

made recently to the design of industrial warehouses, where the problem

was that of determining optimal bay configuration's and the assignment of

variable size lots of palletized materials (6). lhis might have useful

implications for the design of library building and the assignment of

subject groupings of varying size to different areas so as to minimize the

sum of paging and space costs.

Usa e and Cost Models

Spaee models of the kind considered above have the analytic advantage

of dealing with the physical measurement of inanimate objects and avoiding

the more difficult problems of measuring human behavior and judgment. It

is the absence of the Inman element which makes then most amenable to

mechanical applications and which evokes the strongest suspicions of

practiaal librarians. There are two basie ways of approaching the role
H

of human interventien in man-machine syStems. One way is to take the

direct approach and cOncentrate on people their perceptions and reactions

to the system. This is the approach of the behavioral scientist.



A second approach is an indirect one of focusing on the physical_-

components and attributing to them attributes which.are really the net

effect of some prior human action. For example, we speak of a book oil-61.11a ing,

f it containing certain information, or of it having so much worth and

relevance. This'approach permits the reduction of much of the human element

to measurable quantities which can be related directly to other aspects of

a system. This is the approach of the economist who can infer a value measure-

ment from the limited availability of certain resources and the desire to

have more of everything rather than less.

A good example of this approach is in the work of Philip Morse and

his recent book on Library Effectiveness (7). Most of his models depend

heavily on the notion of "randomness" in.the behavior of library patrons.

Tossing coins to retrieve information an idea which seems patently absurd,

if applied to some individual researcher, but is ra arkably useful in

measuring the collective effects of many,dndividual choices and actions

on the performance of ,a service system. :Once we a_ ept these measures

as good approximations e are in a position to make meaningful comparisons

and recommendations for system improvement.

The analysis,of depository schemes fOr libraries is a good example

of what I call usage models. In general, depositpry models have argued

that a con iderable portion of a library's collection is so ra ely used

that these items could be stored elsewhere at less cost or to make room

for new material. On the basis of out-of-pocket :library costs alone,

Lister 8) arguedthat several science libraries At Purdue'could justify

the storage of up, to 60% of their holdings and achieve :small reduction



in total costs. However, if some significant user delay cost is added to

the charges, the advantages of de1)sitory storage are reduced drastically.
The net effect of his study is t: that depositories do not provide an
easy solution to library storage prc: JE,--ns. Where space is limited and
storage is the only answer, however, Lister's models do show how a rational,
suboptimal policy can be developed.

A variation on this theme is seen in the recent study by the Center
for Research Libraries (9) of the feasibility and potential benefits of a

cooperative storage and lending fa ility for periodicals. This study is
notable for its analysis of pertinent cOst, data from several libraries.
A similar preliminary study was made in':England at the Uhiversity of Lancaster
which showed that university libraries Mdght utilize a national lending
service for 10 to 30% of their demands depending on the user delay cost.

Perhaps a better prototype storage model of the usage variety is the

one proposed by Cole (10) and refined and extended by Buckland (11). Cole
showed that a 2000 volume petroleum library could expect to satisfy the

greatest number of user requests by subscribing to approximately 190 journals
nd holding them for about 11 years. He assumed exponential obsolescence
pf older volum sland a Zip -type pattern ror the marginal productivity of

tdditional journal titles. Buckland introduced some considerable mathematical

.efinement to these basic relationships,and was able to go beyond Cole,

'esults and show how to include such additional features as variable

etention periods for different journalsLand use of interlibrary loan

ptions. He also looked at how to meet,a given level of service and

inimizing a cost function that gives explicit recognition to different

torage policies. An excellent review of the history of library use studies
nd models was made by A.



omehow the usage models, like the apace models seem to fall short

of tho mark in an attempt to come to gripS with the critical problems of

libraries. Libraries do have something in common with warehouses and

bookOores but there is still a residual difference which cannot be

ignored. The further development of economic models of library-type
a-

systems must focus on inv- tment as well as operational costs. Because-of

their patterns of long-term storage and exponential growth, investment

models may provide the better approach to the understanding of library

economics. This approach would seem to be better /suited to the development

of system planning models and the justifgation or technical innovations.

'Retrieval_Models--

One cannot pursue info mation storage models very far withoutconfronting

difficultprOblenaS of information retrieval:. It is interesting to observe
;i 1

how operations researchers and industrial engineers have tended to focus on

the storage side of library systems while library scientists focus on the
2..

retrieval side. M.E. Maron has defined "t'he library problem" as the problem

of retrieval and not of storage. He points out that the space problem is

.largely a problem .of technique and economics -- a matter of miniaturization,

,

for which the necessary physical theory_iS already available, but that any

use of miniaturization or mechanical stbrage is going to necessitate the

development of asophisticated remote access capability. The theoretical

work on information retrieval which is nepe sary-for uch a development Is

not available now.



'The separation of storage and retrieval is the critical factor in the

automation of information systems and libraries. Conventional libraries

must depend on direct user access to keep costs within bounds and to make

card catalog systems work, i.e., we really haVe catalog-aided manual

retrieval. Interlibrary loans, for example, are one of the most expensive

kinds of services a library offe ; and yet even this is cheap when compared
to the cost of providing remote reference service, as for example, in the

specialized information centers which the government has funded.

A thorough review of retrieval models is too large a subject to cover

here and i_ beyond my c mpetence to review. There appears to be a wide

variety of approach -nd classes of models, among which are those based on

behavioristic studies of how man uses language in the transfer of information;

and then, there ari the computer-oriented e.pproaches which concentrate on

the algebraic And physical capabilitiesof electronic devices.

The approach I have taken ts an operational one in that it attempts to

model the patterns observed in existing,working.systems, and to draw inferences

for local optimization and evolutJonary development. This is the method of

operations research as opposed to baic research:and is not offered as a

substitute for the-latter but as z. c=plimentary approach.

It is characteristic of OR work tolook for_anaiogies from other fields

uld to draw heavily on the selective experiencesof'past observers, so as to

Lttempt a sort restatement of what is knpwn about a system in the language

f applied mathematics. An example is the model:which appeared recently.in

merican Documentation (13) where ideas Were taken from the theory of military

earch and reconnaissance and froM thdearlier empirical work and wisdom o.
,
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the,English documentalist, S. C. Bradford. These ideas were used to formul

an analytic model that also incorporates a mathematical approach which is

similar to the math used in the book shelving model, and which, ,by the way,

is developing its own separate history within OR roles under sUch names as

the assignment problem the cutting stock problem, the packaging problem,

and other such titles.

This approach seems promising, expecially in the connection it made with

Bradford's "scattering" studies, which can be related to Ziph's law and

which, in turn, opens the door to some promising extensions into information

theory, linguistics, and economic theory Furthermore, the first model has

called into question the proper measurement of search effectivenessand its

relation to user preferences, per eptions.,:and behavior (14), and the

relation of the latter to expect judgment of the relevance and content

specification of a chunk of printed matter e call information. Thus, the

models have a double payoff: they can lead to practical applications and can

also open doors to new theory.
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PROBLEMS OF LIBRARY PLANVING

PUBLIC LIBRARY SERVICES

Alan Longworth, County Librarian,

Lancashire

In presenting a paper sach as this, a paper which is one of fifteen
in a seminar concerned with a very precise topic, it is specially
necessary to define one's topic and terms of reference if undue duplication
is to be avoided. For the next few minutes therefore I shall be speaking
of the public library as it has been understood in Britain, and through
many other parts of the world, since the passing of the first Public
Libraries Act in England in 1850, and as it is still understood, with some
variations, under the terms of the current Public Libraries and Museum Act
of 1964..

A "public" library is one provided by a local authority under the
terms of appropriate Local Government Acts, and Public Libraries Acts,
and primarily financed from local rates.

I could almost define my topic, even today, by quoting the preamble
and terms of the Act of 1850 but I will only refer specifically to the
clause whiCh states that the purpose of the public library is to provide
books for education, information and recreation, freely available to all
who wish to use them.

In the above sentence I have, almost unwittingly, identified the
differences between "public" libraries and the other three categories of
libraries which are being discussed this afternoon,

( ) Public libraries a e authorised and governed by statute.

(b) Public libraries are for use by the Public at large.

( ) Public librariea are financed from public funds raised at
local level.

(d) PUblic libraries are expected to provide education, information
and recreation.

It is in consideration of these Thur points that the main differences
in the four types of libraries, and t1-0 special problems of planning a
public library service will emerge.



1.- Statutory Provision and Control

It is particularly appropriate that_e seminar, meeting in Lancaster
in the summer of 1969, should hear a paper on library planning which is
presented by the County Librarian of Lancashire, who was formerly
City Librarian of Salford. Truly Lancashire can claim a major share in
the pioneering of the public library movement,'and the rivalry between
Warrington and Salford for the honour of opening the first free library
is perhaps weighted towards Salford by the work of Joseph Brotherton in
introducing the 1850 Act into the House. In contemPorary terms
Lancashire County Library faces dissolution and the area which is now
called Lancashire faces a literally complete re-organisation of its
local government structure if the recommendations of the second Maud
Commission are accepted and promulgated. Whatever the future-of the
report, Lancashire will be significantly changed by the creation of the
Central Lancashire New Town and Warrington New Town.

The statutory provision or -oublio libraries is p obably the most
important single difference between "public" and other libraries and
must be clearly understood. The local authority is not a law-making
body and can only operate under powers bestowed on it by Central.
Government and within limits very clearly defined. In 1969, these are
the 1964 Public Libraries and. Museums Act, and various Local Government
Acts, of which that of 1933 is possibly: the most important. The
possible 1970 Local Government Act, based on the Maud rePort will
stipulate the boundaries of the new authorities, the composition of
their governing bodies, the powers they are to.have and the methods they
will use to finance the work they are, to do.

This, complemented by the 1964 Libraries Act, will provide the
framework within which the public library service of the,fUture will be
planned.'

2. The Public7at-Larl7e

It is in the category of library user that there is the gre test
practical difference in our four types of library. The special library
has an extremely limited clientele both in nuMber8 and in range.of
library interests. The university library will probably .have larger
numbers to deal with and also a wider range of topic's, though university
students and staff, are by the nature Of their selection, rather special
categories of people.

National libraries, or some of.them, are, theoretically, for use
by the general public. In practice'this is not really true, since
.carefully vetted introductions are needed for the British Museum whilst
the National.Lending Library is extremely car ful even in its choice of

agents.



It goes without saying that the users of the nublic library are

"the public" and by "the public" we really mean the whole of mankind -

young and old, black and white, deaf, blind, insane, uneducated,
uneducable, genius, autistic - every conceivable cate?ory into which

people may fall.

But once we set ourselves the problem of "planning public library

serVices" in the context of this conference we immediately limit our

understanding of this word "public". We limit ourselves to a public
which is English-spenking, to People who understand the words we speak

and the signs we write and print.

Because we are planning a library service for "the public", in

Britain, in 1969 - let us think about this "public" In some little detail.

It would be extremely useful if we could create-a sinple nersonality who
could embody all our public's characteristics in one person, a sort of

contemporary John Bull. Physically this might be almost possEble, but
we are not concerned with the physical body, we are concerned with men's

minds, and variations in mental capacities and,characteristics are
immensely more variable than physical: make-up We must therefore
allow for all the mental attributes which go to make up the individual

personality.

Another aspect of man's mind we have to consider, is its stnte of

training and education. We must cater for everyone throughout the
whole educational range from the barely educable backward reader to the

most highly trained brain our educational system can produce. We mUst

deal with students at all stages fromhinfantsY departments to primary,

secondary and further formal education, the particular requirements of
modern vocational training and re-training, and. the less purposeful, but
none-the-less personally ntaisfying .activities of non-vocational

training in the way of hobbies.

We must also consider the widely varying library needs of people
-throughout the-whole of their lives and this is worth some detached

consideration.

Babies obviously do not read, though from quite an early age theY.

do begin to understand tha significanee of visual symbols. Children
normally learn to read between the ages of four and seven years, though
backward readers may be some years 'late and in a few cases may never .

really read. The normal child discovers the magic of imaginative
reading at seven years of age and this phase lasts about four or five

years. Daring these years children:will read-their own comics, mum's .

magazines, dad's newspapers and. everyIbook, "suitable" or "not.suitable",

...1-they can get their hands on. During these years an avid reader will get
through a book,a.day as well as a conSiderable amount of reading pf other

material. I ,



At the age of twelve or thirteen the magic seems to disappear, and

this change with the onset of puberty is a subject for psychological
research which could have enormous significance. Whatever the reason,

the magic disappears and reading seems to become more purposeful. In

grammar schools and higher education this is undoubtedly connected with

syllabus study but in modern schools where the academic pressure is not

so great the magic still seems to disappear and reading loses its charm.

In all forms of advanced formal education, private reading, along with

sunervised experimental work, lectures and tutorials, takes up all the
student's time - but here I begin to stray on to other fields to be

covered by other speakers.

When formal education is over the continuation of repular reading

depends to a considerable extent on a persons basic intelligence, former

education and_kind of job. The professional man reads for both work and

pleasure throughout the rest of his life. His wife who normally has a

broadly similar background reads,mainly for pleasure and relaxation
during the early years of family life, her reading growing broader and

more Purposeful as the family grows up and she has more time and energy

to follow her own pursuits.

In w rking class homes reading is largely confined to newspapers,

magazines and paperbacks of the more 'popular and less mentally demanding

kind.

In later life when the husband has retired from working life, reading

helps to fill his days and use of the public library is frequently one of

the regular features of his more set'4led life, and this more leisurely

pace of his life also seems to affect his wife who may also return to

reading to fill part of her spare time.

What I have just described is a fair cross-section of readers who

use the public library - children, students, young marrieds, Professional

peo,ple, and older people. It is interesting to sPeculate on the motives

which bring them to the library, and it is'also interesting to speculate

on the reasOns-Why other People do not use the library.

In this context of the publio-at-large it is al.o important to

identify the size and character of the communites in which people live.

Size can range from the individual country cottage and farm, the isolated

hamlet, the small country town and the industrial conurbation, to the

provincial or national metropolis. Basic standards are non laid down

by the Department of Edacation and Science, suggesting the size of

buildings and kind of service which-needs to,be provided for each size

of community, but the Deuartment recegnizes that the character of the

community also needs to be considerei). For:.example in Lancashire,

Grange-over-Sands is a small seaside town of little over 3,000 nopulation,

of whom 85% are retired business ana Professional people, needing a library

service but needing very little help and guidance in its use. At the



other end of the scale is Kirkby, housing 60,000 of Liverpool's overspill
ulation 75 of them under 21, posing considerable problems of

community control and discipline. Here help and guidance in using the
library is of paramount importance and the crusading work of utterly
dedicated senior librarians and staff is an object lesson in community
service.

3. Finance

Unlike the special libraries but like university and national
libraries, the financing of public libraries is from public funds; but
unlike the other two, public library funds are under local rather than
national control. The Department of Education and Science now lays
down certain standards of exnenditure and "encoureeres" local authorities
to achieve these standards. The Department also controls the amount of
expenditure on buildings by its authority to limit the use of capital
fUnds, whilst the annual revenue snending of local authorities is
nupnorted where necessary by grants from Central Government funds and
part of the rate support grant finds-its way into the library budget.

-

Unfortunately, in the world of local government finance, the value
of the library service is not always recognized, and the library always
has to bid for its budget in competition.with financial needs for housing,
health and education, and other major and minor services. In times of
national and local financial crises, the less obvious needs of the library
nre frequently sacrificed in order to maintain the funds of a service
whose value is more immediately anparent. I am auite sure that the controls
on expenditure in all libraries are extremely.stringent and equally
irksome.

4. The Sunay of Books and Other Materials

Because. its clientele is the public-at-laree, and becalse its terms
of reference are to supply books for educatione information and
recreation, the public library's buying policy is completely different
from the policies of the other three ,bYpes of 'library. In this it is
to some extent the victim of its own history. In nineteenth century
public libraries one of the major motives was to encouraree members to
read, to read anything at all, and the,recreational aspect of library
work was of considerable importance in, the days before radio and the
visual entertainment of the cinema and television. For this reason the
eublic library oame to be regarded to a considerable degree as the source
of pastime reading for the less wealthy and this image is still
unfortunately not entirely erased. Since the advent of other forms of
domestic entertainments, and the conspeuent diminishing of the demand
for purely recreational reading, public libraries have been able to
concentrate their resources more on providing books and other material
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in the fields of information and education, and in a world in which
life daily becomes more complex, and in which education continues to
develop at a staggering pace, the use of the public library continues
to grow.

In the last few years, the Central Government has begun to
encouraFe the use of Public libraries as general cultural centres
rather than simply as book repositories and in small and medium sized
communities the library is now a meeting place, and the recognized
venue for cultural exhibitions and displays of all kinds.

In terms of the physical presentation ef material, public libraries
tend to remain faithful to the book, and though collections of micro-
documents, tapes, films, graMophone records and other forms are not
'unknown, their impact is still slight.

Rightly or wrongly, the public library's success is still to some
extent measured by the number of books issued, and the value of books
which are not in constant use may be-questioned. Certainly in small
and branch libraries, each book needs to justify its shelf space in
terms of number of loans. This also'leads to heavy wear-and-tear
and the importance of specialised channels of supply for reinforcing
books, from specialised public library suppliers.

The decline in sales of "hardback!' books-in bookshops, the decline
in "commercial" libraries in the past twenty years and the development
of the paper-back book trade has meant that the public library market
is now a much more important factor in the mina of the publisher when
he decides to publish a book, but that perhaps is leaainv: us outside
the field of our present argument, though without publishers there could
be no libraries at all.

5= PlanninP

In the preceding paragraphs I have discussed the factors which
affect the planning of a public library service and in particular those
factors which are peculiar to public libraries and the differences which
exist between public libraries and the other,kinds of libraries.

Once these factors are fully understood, the actual planning of the
library can proceed along the traditional lines, of books, buildings and
staff: control, administration and systems: .end finance.

If the report of the Royal CammiSsion On: Local_Government is
acce ted, the public library service:,:like local government-itself, will
have the opportunity to re-assess ite;.purposa.and.methods, and pf
re-organizing itself sa that it can Pentinue to play A proper part in
man's continUing'evolution in the-lat:ter ptirt of this dentury and the
beginning of the next.



PLANNING LIBRARY SERVICES - NATIONA LIBRARIES

by D.j. URQUHART"

I think it would be wisest in the present circumstances if I confined the

malority of my observations to my experience at the N.L.L. The case for creating the

N.L.L. and deciding what sort of library was required depended upon a number of

measurements. The essence of these has been set down elsewhere.(1) Looking back it

seems to me that the data was relatively simple to 'collect and analyse. The more

difficult Dart was to decide what might be relevant. Such decisions were guided by

a simple philosophy that it was important to "collect facts, analyse facto and act on

facts and ignore opinions".(2)

This paper will endeavour to consider how far this philosophy of observation and

measurement has been used in operating the N.L.L., how far the decisions have

depended upon intuition, and how far the experience is relevant to other libraries.

As I start to write this paper let me say that its purpose is exploratory for I do

not know what the answers will be.

To help me to focus my attention on the problem I will first try and set down

the main changes which have occurred since the N.L.L. was officially opened on the

5th November, 1962. Since then the scope of the library has been expanded to include

some Parts of the medical field previously excluded, and more recently to serials in

all parts of the social science field. The number of current periodicals received has

risen from 14,700 in April 1963 to 32,500 in April 1969. The number of requests

satisfied by the library has increased from 187,600 in 1963/4 to 651,800 in 1968/9.

In the last twelve months the percentage of photocopy requests has about doubl.-.-id. In

addition, a variety of courses on the use of scientifio and social science literature

are now being run and the N.L.L. is responsible for the U.K. input into TMDLA:LS and

the final formulation of MEDLARS searches.

The main restraint on the N.L.L.'s development has been the limitation of staff

numbers. To cope with this and the recent volume of aotivities there has been a

number of procedural changes. The overall result has been'that despite the risin

cost of literature and rising salaries and despite the inoteice in 'non-productive"



work such as MEDLARS, the unit cost per issue in pounds has fallen see Table 1
below. Nevertheless the N.L.L. success factor has risen from 77 per cent in 1963
to 87 per cent.

Table

-N.L.L Unit Costs in Es per issue

1963 4 1964 1965/6 196617 1967/8 1968/9Niamber of isgaes 187,593 257,292 336,157 435,750 536,132 651,781
Staff costs/issae 0.53 0.46 0.40 0.37 0.35 0.342
Literature binding

-

costs issue 0.715 0.52 0.51 0.481 0.493 0.480
Total direct net
expenditare per
issue (excluding
cost of trans-
lating programme) 1.31 O. 9 0.92 0.867 0.855 _0.853

The figures quoted only relate to the expenditure
under the N.L.L. "vote". They do

not relate to such things as building costs and maintenance of buildings.

This table is prima facie evidence that the N.L.L. is not being unduly pedanticin collecting literature, making records or handling requeats. Had the unit costsrisen it would not have proved the contrary, but it would have justified a more
detailed analysis of the situation.

Whilst I agree that "unit oosts" have no precise meanings as regards operatioDal
efficiencies it is a simple and usefUl concept from a management point of view. Theunit cost concept will probably.be usefUl in other libraries or in analysing a library
complex, and it ieinteresting to note that the Dainton

Committee made use of this
concept in analysing the national libraries problem. Of course, overall unit costs
given in Table 1 could be broken up in-different ways (e.g. on recording or on
isming) but this. has only been done at the N.L.L. for special investigations.

In introducing this concept ofunit- costs I find that I have alreaay introduced
another concept, that,ofthe success factor. This to my mind is a very simple

2.
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concept which is fundamental to the operation of a library but surprisingly enoug

it is rarely used. At the N.L.L. the figure is obtained by dividing the number of

issues by the number of requests received excluding only those which have been

returned to the user for fhrther information or action. The success factor by itself

is a crude guide for comparing the services of different libraries or in different

parts of the same library. I appreciate that in some libraries, particularly those

with open access, it is a little more difficult to measure than it is at the

Nevertheless, it seems to me so fundamental that it should be measured more often.

Of course, by itself the success factor does not indicate what actions to take

but it does indicate to some extent whether previous actions have been successful.

To obtain further information it is necessary to analyse the extent to which the

requests are satisfied in more detail. At the N.L.L., for instance, we found that

for English language books the success factor was rather low for relatively recent

titles. Part of the trouble we found was due to requests arriving at the N.L.L.

either before publication had actually taken place, or very shortly after publication.

There was obviously little we could do about the former, but we have taken action te

change aur acquisition procedures to obtain some books from publishers on publication

by placing standing blanket orders for them.

Thebuccess factor" is a measure of the ability of the stock to meet the needs of

users eventually. It does not indicate how long users may have to wait. The main

cause of waiting at the N.L.L. is due to items being on loan when required. To

obtain a measure of this trouble me measure the percentage of issues which are made

via a waiting list procedure. The policy of the Library has been to duplicate

holdings to try and keep the percentage on loan when required down to not more than

10 per cent over-all. This level was decided somewhat intuitively after considering

the experience of the Science Museum Library. It appears to be acceptable to the

users.

The problem of keeping down the waiting list is mainly, but not entirely, one of

duulicating current periodicals and books. In deciding what to duplicate the basic

assumution is made that the demand is random in the mathematical sense. This
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assumption leads to a mathematical model in which Poisson's distribution plays a part.

Using this model it is poesible to examine the effect of duplication using different

criteria. This model can thus be used for developing a formula for relating the

number of copies of a title ordered or retained to the demand. The assumption of

randomness of demand appears to fit most of the variations of demand which have been

observed for recent volumes of particular titles. Fortunately, if the assumption

is incorrect and a demand is orientated (i.e. it sometimes concentrates on one item

and som times on another) then a greater degree of duplication would be required to

attain a good level of service than Poisson's distribution would suggest. So that

the mathematical model satisfies the administrative requirement that duplication

should be on a conservative basis.

In applying these ideas, particularly to periodicals, I have developed a

simplified approach which has reduced the problem of deciding how many copies are

required to one of mental arithmetic. Since more elaborate treatments have been set

down it might be useful to outline the method used.

First the concept of "availability of demand" "A" is defined as the percentage

of time one or more copies are available on the shelf. For a title held only in a

single copy "A" is the fraction of time the publication is on the shelf. "A" is

measured having regard to the number of loan issues. It thus measures the availabi-

lity for other purposes (e.g. for the photocopying service).

For multiple copies the demand is thought of as divided equally between the

copies. Thus, if each copy would have a shelf availability of "a for n copies the

non-availability (i.e. 1 - A) would be given by .1 - A . (1 - a)n.

The application of this idea involves the concept of "the average demand".

This could, in fact, only be estimated after measurements over a long period, an

these would be useless because the total demand on the N.L.L. and the demand for any

Particular volume of a title are each changing. It is thus necessary to make the

obeervat ons oVer a short period and treat the observations conservatively having

regard to Poisson's distribution. Thus, if a demand of 15 was observed in a

particular period this might mean allowing for two standard deviations that the



average was 9 to 25. The lower figure would be used to determine whether to

duplicate or not.

In deciding whether to try and use the secondhand market to fill gaps in the

holding of periodicals the number of reauesta for the volumes not held have been

the major consideration. The justification of this activity is quite simply that

experience has shown:

a) the older volumes which have been more frequently

asked for, are more likely to be asked for in the

future,

Aug b those older volumes for which there is some demand

are more likely to be available from the secondhand

dealers.

(N.B. the majority of the N.L.L.'s secondhand

orders are below the demand level which produces

reprint editions.)

Where use data has not been available - as for instance for social science

aerials - the N.L.L. has used citation data to decide which back runs of serials to

seek from the secondhand market.

The figures I have referred to have related to the library's main operations.

The N.L.L. has made a number of other measurements to guide policies. These have

related to the need for translations, the use and need for bibliographies, and the

methods of operation of the N.L.L. loan and photocopying services. These

surveys have related to particular practical possibilities. Special care has

been taken to avoid asking potential customers what they think they want. I do

not believe that users necessarily know what they need or what they would do in

some hypothetical situation.

This brings me to a problem which so far I have failed to solve. The problem

of estimating the future demand on the library. Nowadays by extrapolation on the

"demand/year" curve we can obtain a reasonsble guess of the likely demand this

year or ne t. This process however leaves me with an uneasy feeling that I do not



know what is really happening. Extrapolation may be very misleading if I try to

estimate the demand in five or ten year's time. The main bulk of the N.L.L.

ultimate users - the U.K. scientific manpower - is increasing at about 5 per cent

per year. If the increasing demand on the N.L.L. was about 5 per cent per yea

would be enough to assume that the future demand would follow the growth of scientific

manpower. But the growth in demand is about 20 per cent. Some other factors are

clearly at work. It is probable that the library habits of the organisations we lend

to are changing. I do not think market research would help very mach. Some new

factor such as devaluation may in time have a major influence upon the situation. So

I am driven to guessing the fhture demand. This appears to be a problem which faces

new services, for new services create new demand.

The ideas I have set out so far are rather simple yet it seems to me that they

are sufficient to form a basis for the planniag of a national libraries service. In-

deed the basic proposals of the Dainton Committee depend upon something even simpler -

the fact that the cost of accommodation in Central London is about five times that in

Boston Spa. If all the activities of the N.C.L. were transferred to accoirmiodation

costing the same as at Boston Spa using the figures given in the Dainton Report

mainly in Appendix 4),(3) the position would be as given in the following table.

Tabl

Unit Costs 1967/8

NI.L.I.,.

Issues frOm stock
N.C.L.

I -snes from stock

N.C.L.
Interlibrary
revests

No. of requests satisfied 536,000 21,000 78,000

Success factor

Unit Cost per request
satisfied In Ls

.

Staff costs 0.35 0.88 0.99(1)

Literature etc. 0.50 0.54 0.04(1)

Atdommodation at Boston
Spa prices 0.30 2.34 0.34(1)

Total 1.15 3.76 1,37(1)

(1

t

N.C.L. costs only .
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The bases on which these filures have been compiled may be slightly different.

The NL.L. staff costs include some indirect costs (e.g. the cost of staff required

to provide indexing data for MEDLARS), and the N.L.L. figures exclude the receipts

from photocopies although they include the cost of photocopy staff and postage of

photocopies. However, the figures given in Table 2 are sufficiently comparable

to permit some general observations.

To begin with the N.C.L. interlibrary issue coSt has to be increased to allow

for the costs in the library which actually issues the required item. In addition,

to obtain some comparable figures, it is necessary to include the costs of co-

operating libraries in providing data to the N.C.L. and of dealing with requests

for items not available. It would appear most improbable that the external

staff costs per N.C.L. request satisfied by another library would be less than the

N.C.L.'s own costs. If the two costs were equal we would have, using the Boston

Spa accommodation cos

Unit cost per issue (1967/8)

From N.L.L. stock £1.15

From N,C.L. stock £3.76

N.C.L. interlibrary request f2.25

In the existing situation and with the present procedure it would appear that

in general it is appreciably cheaper for the N.L.L. to continue to satisfy the

requests it receives from its own stock using the existing acquisition policies

than to rely on interlibrary requests.

There is another deduction which-can be made about the N.L.L. from the figures

in Table 1. Allowing for the depreciation of money the unit costs are falling.

This is the situation which should exist in an efficient industrial organisation

with rising output. It does not happenihowever, if a unit has passed the optimum

size for its existing methods of operation. Thus, the evidence suggests that if

there is such a thing as an optimum size for the N.L.L.'s sort of activities the

N.L.L. has not yet reached it. This observation I find re-assuring, for - as !sr

as I am aware - the N.L.L. is already dealing with more requests from remote

borrowers than any other library in the world and the volume of demand is still

rising rapidly.



The data available in the N.L.L. makes it possible to examine its activities

in more detail using u 't cost ideas. For instance, it appears that the present

policy of the N.L.L. of purchasing back sets of periodicals for which there is

some measurable demand is still justified on a unit Cost baSIs. Also, t appears

that the present policy of the N.L.L. of accepting a majority of back sets of

periodicals offered to the library is justified on a unit cost basis. Using the

Dainton report assumptions the nominal accommodation costs per issue of the material

in the N.L.L.'s pre-1960 serial store is about E0.65. Moreover, this unit cost

is falling as the number of issues from this store is increasing.

The position regarding the N.C.L.'s activities is not so easy to interpret.

Even if the N.C.L. were operating in accommodation which cost no more than that

at Boston Spa, in the present situation it would on average be cheaper to use t'e

Union Catalogue than to build up a central collection. Of course, the existence

of a central loan collection would alter the demand. Unfortunately, ae I have

mentioned earlier, the problem of estimating the future demand on a new service

has not yet been solved satisfactorily. A central loan collection in the

humanities would attract a great deal of-demand which now goes to the regional

library bureaux. In addition, the central loan collection would create some new

demand. There appeara to be, however, insufficient data at present available to

estimate what the total increase in demand would be. Centralisation of the

existing arrangements could produce a more efficient system from the user's point

of view, but how the costs of a centralised system would compare with those of

the existing system is not clear. Whatever happens it is probably going to be

difficult to establish on economic grounds the need for a separate extensive

central loan collection of foreign language books. Of course, such a collection

might be justified from a service point of view.

This 'problem illustrates the basic dilemma we face in planning library services.

Whilst the unit cost concept is clearly useful, it does not permit any allo ance to

be made for-the level of service. This dilemma will exist until there is some

method of measuring the cost of not having an item when it is wanted.

This paper has concerned itself with library planning using existing tech-

nologies. The book as we know it has survived for over 21000 years because it is
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a convenient format. It is true that there are those who have forecast its early

replacement by the format produced by some new technology. However, I suspect

that the book as we know it will survive a little longsri If the book is to be

replaced, this will only come about if the new format is technologically reliable,

easy to use and, above all, economically justified. The situation could change

quickly, but the replacement of the book by some new format is, at present, no

nearer than the horizon. However, it is not impossible that, before long, it will

be possible to have rapjd access to books Stored in remote places. The decision

whether such a system should be introduced is likely to be mainly determ ned by

unit costs.

N.L.L.
June, 1969 D. J. URQUHART

1.

2.

3.
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Royal Society Scientific Information Conference, Report. p.103, 1948

Report of the National Libraries Committee,Cmnd.4028, H.M.S.O., 1969



Discussion

When asked whether the reason why the level of external borrowing was rising
proportionally faster than the user population was that the same users were reading
more, or that the reading level of previously inactive users was being raised, Mr.
Dammers replied that he did not know; he could only say that current awareness
services had been improved and consequently readers were better informed of rel-
evant papers, Mr. Mackenzie observed that Mr. Dammers readers were using
about 18, 000 papers per year, and in 5 years this would have increased to about
40, 000; he asked if they would have enough time to do all this reading. Mr. Dammers
agreed that the readers would collect more papers but would not necessarily read
them, and he pointed out that. a great deal could be assimilated from a paper just by
glancing at it. Also, the present number of papers being read was nor very high -
10 papers per week per reader. M Woodward said that in the last few years the
annual rate of growth of inter-library loans at Durham was 30%, and he thought that
part of this increase arose because readers who previously did not read much had now
begun to catch up on their reading. Dr. Urquhart suggested that when more abstracts
and selection devices were acquired users would make an initial selection better suited
to their needs, and this in fact represented a wider scatter of the literature; con-
sequently the library was less able to meet their requirements from its own holdings.
Mr. Fairthorne said that when a library improved its facilities its readers would make
use of them and ask for more literature, but this did not necessarily imply that they
would be doing more reading; often they would merely use the facilities to find clues
on what to read.

Mr, Dammers said that in spite of what had often been said elsewhere about the
direct distribution of papers to individuals he could not see the disappearance of the
journal, because it was such a convenient way of bringing together papers on related
subjects; but he could not foresee where the journals would be kept Perhaps special
libraries would collect the small number of important journals in a particular subject
field, and these would be backed up by large central collections.

Referring to the size of the average special library in terms of number of
periodicals held, Dr. Urquhart said that he thought that similar data was given at the
,1948 Royal Society Scientific Information Conference, and that the average size had
not materially changed since then. As special libraries grew, new ones were formed
and the average size remained constant. Mr. Vickery said that data at A slib suggested
this to be true. Mr. Dammers was asked if the figures he gave for the number of
periodical titles held in relation to the number of volumes had a more general appli-
cation and if they could be applied to university libraries; he replied that he did not
know and that he only used the figures for guidance in the development of his library.
Mr. Fairthorne said that some work he did five years ago, relating the number of
periodical titles held to volumes, agreed with the figures quoted for special libraries,
and that deviations from the curve really were exceptional libraries, such as the
library of a motion picture company.

Professor Leimkuhler was asked if he had any data on the minimum average
cost which results from a library of a standard size in a certain situation, but said
it was not possible to answer this. Mr. Vickery said that in practice the concept of
minimum average cost had been carried out more in special libraries than in
uniVtrsity libraries because the former had discarded more. Dr. Urquhart said
that from Ms experience he thought that university libraries had not yet heard of
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unit costs. Mr. Mackenzie agreed, but said that one of the difficulties of costing
in university libraries was that it was not possible to define precisely the aims of
a university library, whereas the average special library had as a target the over-
all profitability of the firm. Cost benefit analysis of a university library was not
going to lead very far until its educational and archival purposes had been defined.

Dr. Urquhart said that requests for periodicals from a store of pre-1959
material at NLL were increasing, but there was no exponential decay in the usage
of books in that store. Mr. Buck land commented on this apparent lacX of exponential
decay, and suggested that this pattern might nevertheless exist in terms of the
proportionate distribution of demand, but that the steep rise with time in the level
of demand would mask the exponential curve in terms of the absolute number of re-
quests for individual items.

Mr. Fulford asked Dr. Urquhart if he agreed that providing a loan service in
the sciences was a different problem to providing a loan service in the humanities,
and if it was feasible to compare the unit costs. Dr. Urquhart replied that if the
requests which at present were satisfied regionally were satisfied by NCL, the use
of NCL stock would be much greater, and the corresponding unit costs much lower;
but there was no fundamental difference between science books and arts books, and
providing a loan service for them should be a similar problem.

Mr. Longworth wondered what was going to happen to publishers as more and
more information was stored in computers in digital form. Mr. Fairthorne said
that it would not be economic to store large amount of printed information in digital
form in the foreseeable future. Mr. Dammers disagreed, and said that mass
storage of literature was not a long way off since store sizes were increasing all the
time; it would happen in science first because the economic pay-off was quite obvious.
He was asked for more details of machines and their sizes, and he mentioned the
IBM photo-digital store with a capacity of 1012 bits which would accommodate 1.00, 000
volumes. Mr. Duchesne observed that this was not in fact very large when one though
university libraries. Mr. Mackenzie asked how computer storage would affect a
university of 5, 000 students: would they all have immediate access to the store and
have their textbooks printed out ? Mr. Dammers said that the process would obviously
be gradual: scientific literature might well be stored first, and the university library
would have access to national stores; subsequently departments would have access to
a store in the university library. He added that it was bound to happen eventually,
and uaiversity libraries had to face up to the problem now and not turn their backs on

In reply to the question of why he foresaw the increase of inter-library loans in
the future rather than a greater increase in the purchase of literature, Mr. Dammersi
said that this happened to be more economic; the tendency appeared to be for special
libraries Lo hold the basic journals and rely on inter-library loans for the others. IVal
Dammers was asked where he got his inter-library loans from; he replied that they
came mainly from NLL and the Chemical Society, and added that at the moment NLL
could cope very well, but he wondered how it would fare in the early 70's. Dr.
Urquhart replied that even with present techniques NLL could cope with an increase in
demand by a factor of 1.0.

Mr. Snape asked Professor Leimkuhler if the factors affecting the demand for
literature of the humanities were different from those affecting the demand in the



sciences. Professor Leimkuhler agreed that there was a difference, but he had not
been able to express it i-i an analytic way. Dr. Urquhart said that one of
differences was the time scale in the fall-off of use: it was very rapid for the sciencesand less so for the humanities. This meant that decisions on duplication of bookswere more difficult for scientific literature, because in the science::: the fail-off in3.nd was so high that by the time the need for duplication had been recognised andthe duplicate bought the demand had passed; therefore the demand had to be predicted,and this was done at NLL by regression analysis. In the humanities, with a lessrapid fall-off, it was possible to wait for a demand to appear before buying a duplicate.The need for duplication of periodicals was easier to recognize. and periodical liter-ature was more important in the sciences than in the humanities, this was anotherfactor which made provision easier for the sciences. M. Fulford said that half of therequests at the 3ritish Museum were for books published before 1919; Mr. Buck landsuggested that the 3ritish Museum was a special case because it catered largely fora residual demand.

Mr. Brookes asked Mr. Dammers what the unit cost of providing searches on150 profiles was. He replied that it was around £35 per profile per year, run onC.A. Condensates tapes. Mr. 3rookes asked Mr. Mackenzie if he thought it wasfeasible to provide such searches in university libraries at that price; he replied thathe thought that it was. Dr. Urquhart said that a MEDLARS search costs about £30per year for a profile search, but the system was not primarily designed for profilesearching. Dr. Hawgood observed that one tape was suitable for all Mr, Dammer' :users; unless there was a tape covering all subjects of interest to the university users,he could not see how universities could provide a similar service. Mr. May said thatOSTI were encouraging the varuous bodies (INSPEC, UKAEA, etc.) who were workingon SDI programmes to agree on a common system, so that a programme for searchingan INSPEC tape could also be used for searching others, e. g. NSA use.- M .- May askedMr. Dammers if his profiles were individual or group profiles, because NSA had foundthat a cost reduction by a factor of 10 could be achieved by changing to group profilesand selecting them from a standard list. Mr. Dammers said that this might happen inthe future, but at the moment he wanted to put as few barriers as possible between theuser and the system, and therefore all his profiles were individual profiles.
Mr. Mackenzie asked how was it possible to achieve a balance between acquiringliterature and providing current awareness services; would the humanities suffer if theuniversity library supplied current awareness services to scientists ? Mn Brookessaid the scientists in the University of London, who had previously been accustomedto such ser-vices in industry, had set up their own services in the university, andoften these duplicated each other and were very costly; consequently university librariescould not afford to ignore developments in SDI services. Dr. Hawgood said thatuniversities might soon start charging for computer services and wondered if anyonehad investigated the possibility of charging for library services. Replying to thesuggestion that, when allocating their resources, university libraries should takeinto account their readers' views on what services they expected from the library, Mr.Morely said that studies in economics had shown that it was not possible to allocateresources within a community on the basis of its members' preferences, Dr. Urquhartsaid that the NLL had tried to assess what would happen if charging for MEDLARSsearches was introduced; it was estimated thn the demand would fall by 55% andthat most of this would be due to a decrease in demand from universities.
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Mr. Buck land asked Mr. Longworth what effect the implementation of the
recommendations of the Maud Committee's Report would have on public libraries;
he-replied that, if the recommendations were implemented in their present form,
they would lead to an enormous upheaval in the structure of public library services.
Lancashire would lose 20% of its services to Manchester, 20% to Liverpool, and
the remaining 60% to boroughs in North Lancashire.

Mr. Longworth asked Professor Leimkuhler how was it possible to assess
the benefit of a particular loan; he replied that this was possible only in terms of
the cost to the user of obtaining that particular loan. Dr. Hawgood said that there
were two ways of doing this: one was to calculate the macrosc:opic cost and the
alternative open to the library manager, and the other way was to examine the various
alternatives open to the borrower and why he chose to spend his time in a particular
way. Dr. Urquhart said that public libraries should collect statistics of the proportion
of issues which were educational, recreational, research, etc. , because some people
thought that public libraries were entirely recreational; the publication of such statistics
would help to define the role which the public libraries were playing in the community,
and in particular it would emphasize their educational function. Mr. Longworth agreed
that this was one area in which there was remarkably little information.
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The alloca n of resources in higher education

CHARLES F. CARTER

I am told that at the headquarters of the Department of Education and
Science in Curzon Street there is a doctrine called 'Carterisin', and
even a variant called 'modified Carterism'. My academic colleagues
will, I fear, assume that this doctrine is concerned with making true
academic values subservient to the arid calculations of the economist.
But this is not the point at all. We are short of resources for higher
education. There are times when the only right thing to do, if you
are short of resources, is to demand more. The present, however,
is not a moment at which such demands stand much chance of success:
to prove that one needs to be more expensive, when the country is notable
for its economic failures and the Secretary of State has at hand a
possibly cheaper alternative in the other part of the binary system,
would not be likely to yield much satisfaction. Consequently we must
look to the best use of the resources we already command. This is
not an attack on academic values; it is their defence in times of
hardship.

For, of course, the making of choices about scarce resources which
have alternative uses is inescapable. , Although many of you are, I am
sure, dedicated to the belief that a library can never be too large, it

is obvious that a university which spent all its money on its library
and nothing on anything else would be Somewhat ineffective. The ans er
to the question 'What proportion of recurrent income should be spent
on a library?' is therefore not 100%. But is it 20%, or 10%, or 670?
Is there any rational ground for choosing between these ?

In order to answer such questions, we have to have a 'model' of a
university*: that is, to define what it is intended to produce, to set out
the technology (or the alternative technologies ) used to produce the
output, and the resources available: as inputs. The difficulty about doing
this is that the model is insufficiently defined. A university produces -

(c)
(d)

Services of education and training to first degree students
Services of education and trainiiig to higher degree students,
attenders at shOrt courses etc.
New knowledge and new developments of culture or civilisation.
The service of pres rving and rediscovering existing knowledge and
culture.

continued ...

Or, of course, a polytechnic or other institution. The allocation of
resources between different types of institution I do not here discuss,
though it could be treated in a siiikilar manner.



The library has a special importance in relation to the last function,which is often forgotten because of our habit of making a dichotomy-of -1-teaching' and 'research'.

Within the two teaching functions, the balance between different typesof course is seldom dictated from outside the university. It isloosely constrained by the preferences of entrants, which in turn may beloosely related to ideas, commonly formed on partial, misleading orout-of-date facts, about the ultimate value (financial or cultural) ofthe education they choose. But within wide limits what universitiesdo to determine the balance of courses is a sort of academic guess,unrelated to market forces:- The guess emerges from whatever thedecision-making process in the university happens to be. Even so,however, it may be possible to reallocate resources so as to give a newsolution (within the constraints) which is more acceptable to thedecision-makers. This is a long way off saying that it is 'right' inany absolute sense, but it is a move towards a greater satisfaction ofa dominant group.

Similarly, the relation between the 'teaching' and 'research' functionsis only loosely determined. It is eommon4r supposed, though withoutany very strong evidence, that if r'esearch falls too much the qualityof teaching will decline: because th:Ls is widely believed, and becauseresearch is to some people more fun than teaching, a single universitywhich allowed the proportion of research tO decline might well sufferby an inability to attract good staff. At the other extreme, an institutionwhich has too much research runs ;a,, danger of being regarded as soexpensive that it will fail to attract adequate grants. But within a widerange, the research proportion is whatever the university decides, ormore often, allows to happen without a conscious decision. Since mostuniversity research is a long way,: conceptually or in time, from arelation to the judgements of the market place, the allocation of resourcesbetween different types of research is almOst totally arbitrary oraccidental. Pathetic attempts are sometimes made to develop a national'research policy',, sometimes based on the illusion that a nation can andshould do a little of everything; but, seen at the level of a particularinstitution, the balance is decided by the nUmbers and powers ofadvocacy of those who influence deCisions.

The preservation function is even less well determined, since its veryexistence is hardly appreciated. It:sit tru e. that the margins of indeterminacyn all these product areas can be !Somewhat reduced by looking at theuniversity system as a whole: for instance, this introduces the additionalconstraint (nat felt by any one insCtution) that the system must produceenough good graduates to provide it& own &hire staff. But the attempts

continued ...
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to lessen the indeterminacy by manpower forecasting have had little
effect. Future manpower needs can only be very imperfectly described
in terms of the demand for particular kinds of specialised training, if
only because there are so many jobs for which prior training matInrs
much less than character, flexibility and willingness to learn.

In the model of a university, therefo,-e, there will be large elements
which must be labelled 'historical accident', or 'decided by professorial
prejudice', or 'vice-cancellarial whim'. But this does not mean that
improvement is impossible: simply that we cannot identify an absolute
optimum. It should first be our aim to free the model from contradictions
(that is to say, features Which now or later will cause the violation
of a constraint), and then to consider various marginal shifts of resources
and set up principles for deciding whether a shift is or is not an
improvement. These principles may not be capable of absolute
justification: we may have to accept a crude test, such as a majority
view of those affected by a change (assuming all opinions to be equally
valuable). However, many affairs must be run in this way, Iii the
absence of more refined methods.

I

The resources to be allocated ca.n be represented by sums of money, to
be subtracted from this purpose and given to that: or, since the inputs
into the model themselves have alternative.uses, we may want to
consider a shift of 'hours of staff time°, or 'hours of computer time',
or 'hours of building use' from one purpose to another. (In the case
of buildings, the shift from not being used, at all is particularly important.)
There can be no rational discourse on theSe matters without a prior
study of the facts of existing use. This is why the Committee of
Vice-Chancellors has set up studies of the structure of departmental
and university costs, the uses made of staff time, and the uses of
buildings and of expensive items of ,equipment. Unfortunately it is
difficult to get comparable cl-Lta from the public-sector institutions.

It takes time...to obtain facts, and .those we have so far provide no more
than preliminary suggpstiont;,. Furthermore, the study of present practice
must take account Of Parkinson.'s-laws: if you give a department too
much staff, it will develop activities to justify the staff it is given. It
will not be easy to prove that thebe activities are a waste of time. The
rnisallocations which are easily observed, therefore, are less than those
which actually exist. The kind a information coming forward is as
follows:

(a) In some subjects there are significant economies of scale in
undergraduate teaching, over a fair range; The probable meaning of
this is that, where there is a strong professional expectation about the
range of topics to be taught, departments:with only a few students have

'to be relatiVely over...staffed, andit looks:.as though a rougri. definition
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of 'too small' is 'having less than 120 equivalent full-time students4-1.

.i.e. a student spending a third of his time on a subject counts as
a third.

By this standard quite a number of British university departments are
too small: if, through lack of demand, they cannot be expanded
sufficiently in the course of general growth, and if they cannot plead
the justification of providing an essential ancillary service to other
departments or of maintaining an essential cultural element within the
university, it is prcl3able that the money spent on them, if used
elsewhere in the university, would yield more satisfaction. Of course,
all such departments will plead justification: the real lesson is for
university planners - don't start a new activity unless you are confident

_that it can reach a viable level.

(b) Some universities have allowed very great disparities to occur
in their treatment of different subjects. This might be justified if
selective heavy spending was creating 'centres of excellence', but it is-
not easy to trace a clear relation between..heavy spending and quality:
most of the instances are psobably historical accidents which have been
allowed to persist because data systems have not revealed their existence.

;-

(c) On the other hand, some places allocate staff, technicians, secretaries
etc. with great apparent fairness, in relation to the student load. But
such pro rata allocations are only appropriate if all departments are the
same size, or there are no econoYnies of -scale: otherwise they imply
that all benefits from larger departmental :size rest in the department,
instead of being shared with the rest of the university. A more abstruse
point is that such calculations commonly uSe 'weighted' student numbers
giving a greater weight to graduate;,students, and there is increasing
evidence that .the weights used are much too high - thuse giving a bonus
to departments with a lot of graduate work at the expense of the rest.

(d) We shall soon know a lot more about, the way in which university
academic staff use their- time. This will .not give an exact allocation

' 'between teaching and research, because some time is used. to the
benefit of both these activities: but at least we shall be abl, tc see
roughly how the division of time Varies between different universities,
faculties or grades of staff, and this will give a firm basis for arguing
about what it ought to be. At present time is often assumed to be
divided fifty-fifty, this being the plausible 'assumption to make if one is
totally ignorant about the truth.

continued ...
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(e) We can now document in considerable detail the use made of
various kinds of university building. It is plain that in a great many
cases this use could be substantially increased, even by measures
which do not involve any reorganisation of the university year. However,
it must be remembered that a university uses labour much more than
capital: if capital costs were properly charged and amortised, they
would not be more than 10-15% of total costs. Furthermore,
universities have hitherto had absolutely no incentive to economise
on capital, because any savings made have not been transferrable
to other areas of expenditure.

(f) There is of course a national advantage in economising on capital,
which is especially attractive to the Treasury because one rnight he
able to have a period in which very little was spent on university
building. Studies have been made, both in this university and nationally,
of the possibility of achieving a big saving by rearranging the university
year for continuous operation. 11S.ese studies reveal technical difficulties
which are much more severe for ,a three-year degree than for an
American four,-year degree: and tlie present evidence is that this
particular reallocation of resourcies would not be worthwhile.

L. 1

;-

Let me, however, return to the 'problem which I mentioned earlier:
how much should be spent On a university library? The element here
which is most readily assessed is, I think, the requirements of students
on set courses. Even this, of course, depends on how many books they
buy: it would be logieal (though,, I fear, :impossibly unpopular) if,
instead of an indicated but seldorn;used sum within the maintenance
grant, standard textbooks were aVailable on prolonged loan from the
library, which would thus be able to assess accurately the number of
copies needed. No system will, of course, be proof against the folly
of a lecturer who tells a class- of ,300 to (read an obscure article,
existing only...in a single bound vOlurne of,.a journal: but generally,
even allowing for our lack of knowledge tiLf what students buy for thernselve:
steps can be -taken to regulate bdok purchase and lending policy so as to
maintain a 'prescribed level of can.surre r 'satisfaction, which can be
measured in terms of success in obtaining a book on demand or within
a short waiting period.

Generally, hoWever, university libraries are much larger than can be
justified by immediate student needs. What can we say of the function
of preserving knowledge and bein4.a repository of culture? It might

continued ...



seem that all that is needed is to build a sufficiently large vault or
pyramid in Bloomsbury or Boston Spa, within whose burial chambers
would be interred a colrection more splendid than .we have yet seen.
However, culture is raiiy preserved, not by_ books alone, but by
the interaction between them and generations of scholars, This means
that the 'preservation' function can be treated as . closely similar to
the provision, of reference material for research. The question to
be answered is - how much should be provided locally for a particular
community of scholars, and how much can be distant by a few hours
in some central place, or available centrally within a day or two in
loan or copy form?

I do not think that we can give sensible answers to these questions
without more accurate knowledge of how a scholar .1 a particular
discipline uses a library. Scientists' commonly think of this use in
terms of 'information retrieval': that is to say, a precise question
is put to the library (or, in future;- :to the Computer), which presents
an answer. To what compound doe"s 1.this spectrum relate? Has anyone
synthesised this substance before ? It looksf'. as though a great deal of
this is capable of centralisation, wIthout ser'ious waste of time. In
addition, of course, the scientist Wants to 'leaf through' abstracts of
recent work, so as to see what is going on., and what significant
discoveries have been made: this airgues far a local library having
a full compleinent of abstracting jmirnals, and a quick access to loans
of particular journaL articles. But;.a, student of literature or of history
is likely to want to refer, in a short time, -.to a large number of works:
different editions of a particular book, related material about the period,
primary and secondary sources which eXhibit the meaning of some
obscurity. This process is intolerably sloWed down if each peripheral
enquiry involves a reference or a visit to another place; and the question
being asked may be much more difficult to :put in a pr.acise form than
in the case of the scientist, and therefore computerisation may yield
an unmanageable rnes:3 of references,: Technically a collection of printed
books, convenient for 'browsing', is hard tO beat as material for the
kind of research which involves numerous ill-defined peripheral enquiries.
It would still be possible for the sieholar td concentrate his teaching in
one part of the year, and then migrate to an. attic in Bloomsbury (or
travel daily to_ some_ great...provincial, library) so as to have -access to,
a wealth of material for research:P. ;Some Will do this: others will be
prevented by' their ties of responsibility: dthers will find it intolerable
that an idea cannot be brought to the, anvil,; white-hot, to be fashioned
into a paper, but must be put away: ;until the next time there is a chance
to travel to a good library.

One could fotind on such argumentsa a case 'for a substantial library in
the place where scholars (of certaih;;; disciplines) live and work: but a
lot more infOrmation is needed abOut the habits of scholars before one

continued ...



could translate this into a system for quantifying how large the library
should be. The worthwhile world literature in economics probably
costs aboUt £5000 per year, excludiri,g the 130 principal journals and a
very large number of Government publications: if a library bought all
this, one could discover over a period which publications were never used,
and which were used so rarely that the cost of shelf-space and
management would exceed the cost of sending users by Rolls-Royce to
London and boarding them at the 1-iilton. The difficulty, however, is to
infer what _m_ljg. ht have been wothwhile among things which have not been
bought: and even a guess at this requires a close study of the actual
research. habits of economists.

My general conclusion, therefore, is that it is a worthwhile exercise,
in defence of the true values of higher education, to attempt a more
systematic allocation of resources: ; but that our efforts to do this must
for the present be of a very prelirnihary, partial and tentative kind,
partly because the theoretical problems of allocation are difficult, but
mainly because the substructure of:=Jacts iS ineomplete, and can only
be built slowly. Still more difficUlt:is the ,allocation of national
resources between-different types Of ,higher:education, which at present
must be largely a matter of guesswork or political preconception.
I hope, therefore, that those who i=eteive tiresome enquiries into the
facts of their academie life will a.pPreciate ithat in the long run they
will be helping to defend and improve the acadeMies they serve.
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Maximising the Benefits from Library Resources

The usual approach to information problems is to find out

the needs of students/teachers/researchers and then
attempt to provide for these needs.as cheaply as possible.
This has the merit of treating the present members of an
organisation as the most important. It takes into account
the fact that the reproduction of research findings is fat
cheaper than their production. In practice it does hot
work very well, partly because the needs are difficult to
discover, but also for other reasons.

Most organisations, and universities in particular, are
severely limited in their actions by decisions taken in
the past. A university library has a building, a book-
stock and a team of skilled workers. None of these
resources can be changed significantly on a month-to-month
basis. Of course, small re-arrangements to the building
are'possible; proportionate smalladditions to the col-
lection of monographs and serials.occur continuously; there.
may even be some change in staff. However, an expansion
of students/teachers/researcherS which necessitates a new
library is a major top-level: .decision within-the university.
So is a change of fields of Study large enough to render
the existing bookstOck useless. All this suggests that an
alternative approach may be worthwhile. Instead of taking
needs as given'and finding how-to meet these needs at
minimum cost, we can take resources as given and find out
how to maximise the benefit from these resources.

The "needs" approach requires a continuous re-arrangement
of the frUits of the past to ease the research of the
present. The "maximising" approach.requires some adapta-
bility by present researchers,in order to gain from the
fruits of the past.. PerhapS the latter is equally realistic.
If one is presented with an-isJand of seagulls' droppings
one can hold one's nose or.bne can 'find the nitrogen content,
but the clever man will do both.

This paper is about the "maximising" approach. It does not
pretend that this is superiOr to the "needs" approach, but
rather a complement to it. Ihe "needs" approach is essen-
tial for long term planningthe "maximising" approach
seems preferable for month-to-month planning and it yields
some insights into the prefetences Of library users which
may contribute to an understanding:of their needs.
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In Part I a library in fairyland is discussed in some detail.
This unrealistic but simple example allows many of the prin-
ciples of linear programming to be outlined, and some jilus-
.trations of the usefulness of the technique are given, The
approach is seen to rely upon a knowledge of the relative
importance of the'different library activities and two methods
of measuring this are proposed in Part II.

In Part III the method is used on a real example, the Arts/
Social Science Library in the University of Durham. The
implications of changes in users' preferences, or changes in
the'resources available, or changes in library technology
can be assessed by a few seconds' time on a computer.

A library in fairyland

This library engages in two 'activities: answering queries
and lending books. There is.no shortage of books and no
shortage:of space. The only resources that are scarce are
three different sorts of labOuri senior librarians, junior
librarians and clerical laboUr. The problem facing the
library is to decide how much!of theSe two services it should
provide each day, given that:Iresources are limited. The
library is motivated to find the best combination because it

receives-7 shillings per query answered and 10 shillings per
loan, and it wants to maximise profits. (The prices are an
indicator of the strength ofdemand:for the services. Where
they came from is another matter! We can assume for ..the
moment that there are many llbraries: competing with each
other, but in Part II this assumption will turn out to be un-

necessary.).

First the maximum amounts ofi queries: and loans which the
library could produce are fbund. This.involves finding how
much of each resource is avaiable and how much of each
resourceis needed to producb3;one unit of each activity.
There are 980 minutes of seniors' time available each day,

and it.takes 11 minutes of this to Contribute to the answer
to one!qUery and 2 minutes tOrcontribute to the provision of
one loani The constraint on library activities imposed by
the shortage of senior librarians can be described. as

11 Q + 2,L4 980

when the numbers refer to minutes of seniors' time, Q is the
number of queries answered int:a day; and L is the number of

loans made. The total commitment must be less than or equal

to the total available. Both junior librarians and clerks
are alSo needed before the activities are completed, but the
constraint imposed by only thp shortage of seniors is illusLrated



in Figure 1. Any point outside the triangle is impossible
because of the way the problem is defined- Any point

- -inside is inefficient because with the relationships as
given more could be produced. Only on the borders of the
triangle is production both possible and technically effici-
ent.

There are 400 minutes of juniors' time available each day;
it takes 3 minutes of this time to contribute to answering
a query and 5 minutes for a loan. There are 100 minutes
of clerks'time available each day; it takes one minute of .

this to contribute to a query and one minute for a loan.
All this can be summarised in Table 1.

Table 1

Amount r&ededL per unit of
Resource 0 L

Senior 11 2

Junior 3 5

Clerical 1 1

Amount
available

980
-400
100

In Figure 2, the three constraints are shown. The border
oabcd encloses the possible combinations of Q and L. This
area, including its boundary; is the set of production pos-
sibilities. Points to the fterth-east of ab are impossible
because there is not enough clerical labour, of bc because
of insufficient junior labour, of cd because of insufficient
senior minutes. Points weet_of oa and south of od are
meaningless because negative quantities of Q and L are im-
possible.

Since the-library receives 7 shillings for each query
answered and 10 shillings for each loan, the total profit
will be 7Q + 10L. The next table shows the combinations
of Q and L represented by the corners tf the set tf
production possibilities (all numbers are rounded down)
and the profit which results,ErOm this combination.

a 800

850

/32

623

3
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The economically efficient coMbination is at,b, when the
library answers 50 queries and provides 50 loans each day.

A change in demand-

Suppose that the community served by the library now con-

tains an increased number of technologists so that the

demand for the query answering service increases. The

price of queries goes up to 11- Shillings and the price of

.
loans stays at 10 shillings. The library is now trying to

maximise the profit function 11Q + 10L. When Q = 50 and

L = 50 the profit increases from 7Q + 10L = 850 to

11Q + 10L = 1050 shillings. However the ratio of prices

has now changed. When this happens the library hunts

around for another blend of activities to see if a reduc-
tion in L and an increase in Q would be worth while. At c,

in Figure 2, 11Q + 10L = 11(86) + 16(13) = 1076, so the
new blend is more profitable,at the:new prices.

In Figures 3 and 4, the two profit functions are illustrated.
Each function is a family of lines of equal slope, and the
choice of which blend of activitieS to produce depends on

the slope. Note that the slope dep'ends on the ratio of
prices rather than on the absolute prices. The price ratio

shows how the community would be prepared to swap,one acti-
vity for the other, and this is all: that is needed in order

to decide what blend of activities o produce from given
resources. The total profitis useful in order to decide

whether-to expand or contract the library as a whole; it
shows whether resources are better used in tho library or
rather in other organisations in the community. This dif-

ference between relatives and absolutes becomes very impor-

tant when we descend from fairyland.

An increase in resources

An inCrease in clerical time available from 100 to 112
minutes a day allOws the production possibilities:.to be
increased tO Q = 83 and L =29. Ih Figure 5 the increased
level of this resource is shown by.:the dotted line. At the

point e,all three types of.Iabour are used fully, as shown
by the meeting of the three lines.L No type of labour is a
bottleneck and none is idle.- If trained labour could be
hired easily, or if 1abour-Cou1d_be fired easily without
leading to insecurity, this: positibn could be achieved by
trialand error. In practic.,e many 'libraries do seem to be

near this point except during a period following some major

change.



A more flexible labour force

jBoth clerical workers and junior librarians require a
short training period and a similar background of general
education. If there were more flexibility between these
two types of labour they could be Considered as one type.
In this case the two constraints could be merged into one
constraint.

3Q + 5L - 400 )
+ L 100

become 4Q + 6L - 500.
Q )

Figure 6 shows the new single constraint as a dotted line
replacing the two constraints, one for juniors and* one for
clerks. Provided production occurs at b, this increased
flexibility does not allow any increase in production.
However, as soon as demand conditions change so that a
movement away from b is justified, the flexibility leads
to a greater output than would be possible when the old
division of labour applied.--'

A change in technology

A new aid to information wor:allawS a reduction in the
amount of senior and junior librarians' time required to
answer queries. If the innovation were adopted the 'seniors
would need to spend only 9 Minutes per --,71rY instead of the
11 needed at present; the juniors' ' luary would be
reduced from 3 minutes to. 2. How , Of.the
aid be calculated to find out, whethea. Lilt,: innovation is
profitable enough to justify fOae costs of adopting-it?

.
The .present set of productioniloossibilities was given by:

11Q + 980. minutes of senior librarians' time

3Q + 5L-400 minutes .of junior librarians' time:

Q ± L 100 minutes. of Clerical time

If the.new.aid were adoptedthe production.possibilities
would beCome:

9Q + 2f,6 .980

2Q + 5L:.6- 400

+ loo
c

When the prices were 7 shillings fdir queries and 10 shillings
for loans, the mostprofitabe combination of activities was
shown as.point b, but at this point all of the time of the
senior librarians was not u,sed up. ;Therefore any further
saving in senior librarians'time wOuld be worthless.

"i

6E;



However the saving in juniors' time would allow an increase
in production. This increase would be very much more
marked if the amount of clerical minutes available were
increased at the same time that the innavaition was adopted.
Removing one bottleneck often creates another which is far
cheaper to remove.

The new aid becomes more profitable if the price of queries-
increase,. to 11 shillings, so it might be worth while
adopting the innovation in anticipation of an increased
number of.library users who were technologists. The profit-
ability of the innovation depends on which set of prices
prevails and how much clerical labour is available.

In a situation where a nuMber of different policy changes
are possible, the various outcomes can be calculated and
tabulated as in this exam:91e; shown in Table 2.

Clerical
time

avail-
able

Table2

Old technique New technique. -

Prices
in shillings

of Q of L

Optimal
blend

Q.

Profit Optimal Profit
shil- blend shil-
lings Q L lings

100

112

100

112

7

7

11

11

10

10

10

10

50 50'

83 29

86

83 29

850 33

8.71 54
..fl

1076 100

1203 108

66

58

0

4

891

958

1100

1228

These examples are given to show the many uses to which
a linear programming approach can be put. Unfortunately
the approach depends upon a knowledge of the prices which
can be obtained for the serces of the library. The
university is not a market pconomy and there are no prices.
Obviously a university cannot use quite the same methods
of planning that were appropriate in fairyland.

II Planning- Withoutactual prices:

Let: .us .suppme .for.,the MoMent-that:we knoW the range of
aCti7itIes tt the,':librarylCould have producedwe know



the actual blend that the librarv did produce, and we know
that the library was economically efficient. Under these
circumstances can we deduce the prices that must have been

- prevailing at the time?

-In terms of the example of Figure 2, if we know the produc-
tion possibilities and if we observe that production occurs
at b, can we deduce the prices? At least we know that if b
is the economically efficient combination, then the slope
of the profit function must be on or between the slope of
the.constraint ab and the slope of the constraint bc. Now
ab is the junior librarian constraint, 3Q ± 5L 400, whose
downward slope is and bc is the clerical constraint,
Q L 100, whose'jslope is 1. Therefore the profit func-
tion has a slope of between and 1. But this slope gives
.the price ratios. Mt tells us that if the price of a loan
is one unit, then the price a query answered is betweena and 1 units.
5

Aaternatively, we might observe that. prc,duction occurs at .

c. This is where the clerical.constraint bc meets the
seniors constraint cd. The Slope of the clerical constraint,
Q L 100, is 1, and the slope ofthe 'seniors constraint,
11Q ± 2L = 980 is

-1
-11 The slope of the profit function must

1 2be between 1 and So if the price: of a loan is one unit
2

the price of a query answered:is between 1 and units.
2

At least this method sets a lAmit to the range of price
ratios. In some cirCumstances this:range can be quite
narrow and can give close apProximations-to the relative
impo- ance of the library activities; If a library is

and if the formal. and informal communication
syLL-L_ within. a'university are funOtioning properly,,then
observation of:the library allowS::nn,mbers to be put:to the
'relative 'value of the variouSlibrav.-activ±ties. 'These
numberSiare relative rather -than:absolute,-but .they-provide
sufficient information-to allow :library planning to.take
place. (More .complicated eXaMples Oan::be'solved USing
trigonometric techniques.)

Most peOpie seem to-find tiler:idea of swapping easier to
understand-than the:idea-of Pricing',- so discussion is rnc
likely:to be.- informativeifit:Is cbnduCted in terms of
swap-ratas rather:than 'rité;-7.x.atios: : (A. swam-rate-f_s th
.inverse.of a pricerati=_-:_ aifEltheratio'of-t-Le pricc of C.
to the pre. of:.:L.is tsers-are. prepard to5swap 56 of- Q..for =ne ofl,1 orabout 17 for 10).

3

7
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In many cases the range of ratios is so large as to be

unhelpful. An alternative approach will be shown to be

_more precise although it does need more data.

Using economic theory to interpret paSt decisions

The university library is a major supplier of information
services within the university. with any one of the
services that the library supplies, the benefit will inc-
rease quite rapidly at first as the service passes the
threshold of awareness of users and as the users come to
feel able to rely on the service and assess it. If the

service is expanded further the benefit from it will con-
tinue to increase, but less and less quickly. In some

cases a service could be expanded to a level where users
are over-loaded with information and the total benefit from

the service actually decreases. The crucial variable is
the benefit obtained from the:last tinit of the service, the

marginal benefit. Although.crucial this variable is

known. However, it can be imputed by examining the wavzLn
which costs are incurred inSthe libtary (see Figure 7)..

Over a of a year or two the library has the oppor-

tunity t Dust the amountbf many .of the resources whir-11

it has available. In the ptevious section we had assumed
that these were fixed because.we were dealing with, only

short periods of time. The total of the resources will
depend on the size of the budget, but the mix of resources
will change as demand conditj4ons change and call for r,i1F--Trges

in the blend of activities. : :Since the library knows tjna

cost of these resources and.has a fair idea of the amomat
of c.,ach resource that is needed to produce a unit of eah
activity,, it also knows theHoost of! a unit of each activaty.
(In economic jargon, these dosts ate medium-run average
variable:costs and we assume bere that they are close
proximations to short run mariginal costs. In cost acc=um-.
tancy terms, they are unit doists which do not includelany
allocation for overheads.)

An efficient library will adjust the blend of its activ-
ties in such a way that el \4rorth ofresources devoted
one activity could not give better Value if it were dLed
to al--.ther activity. If the library is trying to get
most i-c4tri a limited budget, itwillcontinue to expama a
part:..c 'tar library activity 1,110 to the point where a o-f

budget ould be better spent,;on indreasing another aam±vity.

But t" _s is to say that the 14brar3!an (or rather the =Lex
commi ee system that decii.dieS such IMatters) has an in=uiti-ve

idea of the benefit to be obtainedfrom the last unit cm-7 any

activity'that is provided. =We arecassuming that the 71tr.-,---rg:imal
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costs of, and the marginal benefits from, the activities
of the library are known. (In Part III a test of these
assumptions is given and they pass, so read on!)

Sul:pose that the marginal cost of activity x is ten times
the marginal cost of activity y, and the librarian is
allocating variable resources efficiently. In this case
the librarin must judge that the last unit of activity x
is worth, to the community served, ten times as much as
tha last unit of activity y. The ratio of marginal costs
equals the ratio of marginal benefits. Writing MC,for
marginal costs, MB for marginal benefits, and-subscriptsx-
and y to denote the two activities:

MC MB
x

MC MB

Rearranging and generalisingto more than two activities:

MB:
.1=

MC MCy
MC

z
=k.

where k is some cOnstant (and on the assumption that
-

libraries are economically useful, k is greater thn one).

So MB
x

= k.MC and the value bf the_last unit, of each
activity can be found by multiplying the marginal cost by.

But if we are planning only.small changes in library activi-
ties, the marginal benefit Oan be assumed to stay fairly
constant. Writing x, v, z as subscripts to denote which
activity, and as variables to.denote the level of the acti-
vity, we can compare two different blends of outputs by
comparing two different numerical values of x, y, z in the
following expression:

MB .x + MB .y +
x Y z

whd_ch is the same expression as:

k..MC .x + k-MC .y + ..'..(:.. + k.MCz.zx Y

Ther.:7sfore small changes in the blend of library activities
can :De aasessed by using the,expression:

MC
x
;x + MC .y MC .z



10

since this is the profit function as used in Part I. The
k can be omitted, because only the ratios are relevant.

The reasoning can be reversed. If the marginal costs are
known, the ratio of marginal benefits can be imputed from
these.

III Application to the Durham Arts/Social Science Library

Assessing the relative importance of library activities

The choice of library activities to be considered depends
on the sort of problems which are relevant to short-term
planning. Our choice was influenced by problems such as:
What is the relative importance of an inter-library loan
compared with purchasing a book? How important are user-
services compared with other activities?

The classification of activities must be done in a way
that is mutually exclusive and allows quantification. It .

need not be exhaustive although the following list does
cover the major activities at Durham. The list gives those
activities which were considered together with the units of
measurement. The code letters are pmovided to aid cross-
reference in the tables.

I Increasing.the stor7,s, meanured In number of items
added during the period c,onsidared (the 9 weeks of
the Summer Term, 19.81B).

OILL Obtaining inter-libmarv loans, number of items.

LML Providing library materials far consultation in the
.1i2brarv, number of user-hturs "spent using Library
material.

LL :Issuing items on long loan (2-week recall), mumber'
of items issued.

SL Issuing items on short loan (4-hour or overnight),
number of items issued.

73
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US Senior librarians giving advice to users, number
of hours spent on this activity by senior librarians.

-UJ Junior librarians helping users, number of hours
spent by junior librarians on this activity.

For other roblems a different or a more detailed classi-
fication of activities may be appropriate.

The resources which must be taken into consideration include
all.those which limit the.expansion of librarv activities.
One very peculiar omission from the list of resources is the
bookstock. This is because we are considering as activities
the various ways in which use can be made of the existing
bookstock, combined with one activity for keeping the book-
stock up to date. The list of resources is given below.

Senior librarians, man-Minutes available for the listed
-activities during the time period under consideration
(9 Weeks).

Junior- librarians, man-minutes.

Clerical staff, man-mitiutes.

Porters, man-minutes

The budget available far; purchasing books, in shillings.

Seats, seat-hours, beitg the number of seats: times
the, 3..ours that the libr4:1":17

Shelving, spare shelving, in feet.

The resources required per uti4t of a.ch activity and:the
total xeSoiarces available aregiven.in Table 3, which is
similar in lay-aut to Table a..

Table 3

OILL ML LL SL. US UJ available

S 72 4 0 Q6 0. 60 0 2208 x 60
J 18 72 0.4 5 1 3 0 60 2364 x 60
C 18 0 0 0 o o 0 460 x 60
P 2 12 0.1 0.1 o o 0 233 x 60

..

Budget 56 5 0 0 0 0 0 4315 x 20
Seats 0 0 1 ro T 0 0 83600
Shelving ,0.1 0 0 0 C 0 0 14000

74
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actually occurred during the period. This completes the
set of production possibilities.

Note that our problem at the moment is to find measures
of the relative importance.of library activities. To do
this the .actual levels of these activities are data. It
is only after we have these measures that we can plan
ahead to find the effects of changing the levels. There-
fore it is not tautologous to take what actually occurred
and deduce from this the measures of relative importance.

;Table 4 gives in the_first row the marginal costs in
'shillings of the activities. The second row gives the
levels of the activities that would be predicted by using
the marginal costs as the weights in the profit function
(these weights are used in the same way that the prices
were used in Part 1)7 this is:a calculation performed by
the compUter. The third row.gives the observed levels
that the library did produce.

Table 4

I OILL
_

:Ii.M.1, LL SL ;US UJ

Marginal. cost

Prediáted leVel

Actual level

89.4

1533

1533

17.8::,

20957,567-
244::

:

.064-

53,700:

.896

15000

15000

.40

1000

1000

24

203

205

8_.8

57

40

As a firat approximation is is reasonable. It seems that
an intuitive idea of margin.a]j costs does influence libra-
rians in the way they allocate resources. Unfortunately we
were particularly intere-1,e4.in comParing the values of
addition's to stock (I) inter-library loans (OILL) an't
the difference between pned±cted and actual is marked here.

Table 5 shows the weighta olIthe profit function which
result in the calculationm yAielding the same levels of
activities as the'observad levels...In the second row of
Table, 5 these same weiijhts are expressed in terms of the
value which is placed on one'hour of a senior librarian's
time.: The ratios of the first and second raws are the
same, and either row woll-T yield the same result when used
in th6 calculations.

Usually'people find that numerical approach to values is
made easier by thinking xn 1--.erms of awap-rates. The third

-,f...row of Table 5 expresst--, -P.1.-E_--information of the other rows
in terma of the number uirmits of each activity that the
organisation is prepared =n swap for one addition to the
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stock. For example, the figures under I and US imply that
_if the university were presented with a choi:ce,between:pne
addition to stock and four hours of skilled-user-serVides,
-it would choose the reader services; ifthe choice were
between one addition to stock and three hours of usern..
services it would choose the addition to stock; a-choice
between one addition and 3.7 hours would leave the univer-
sity indifferent. The Comparison between I and LML-will
be particularly interesting.to the teacher.

Table -5

I OILL LML LL SL US- UJ

Weighting
-

Value,
-__ .

takingjone
Unit Of,I_
as UriitY

Swap-rate
in terms of
one unit:
ofI,,,_

89.6

3.7

1

17.8

0.74

5

.064

.

.0627

1370

896

.937

1 0
. .1

:40'

..017

217

24
..._

1 ::::::37

. .

3::7

8..8
..

_..-

10

Table 5 gives different-ways of,comparing:the_yalues,of-_
the iibrary's activities, valUes to the university which

,

11P.I4e been obtained byestung the actual results i5f-ttie
decisions taken by the complex system of committees. A
first approximation to the figures, was found by,.using the
margin.aI costs of the activities, but the- figures ,gIven_z
wn-the tab1e,are not costs: they are figures _showing the
'relativ_e penefits of the activities. 'Strictly,we_should
,state-the:t the library is behaving as if these are_the
NrelatiVe_bits, of -.Pla activities.; Certainly we should
take-hy.:Opportunity to check the conclusions with the'
decision-makers concerned. However, the close approxi-.-
matiOn Obtained by Irting the marginal costs does imply
that the library knOws what.dt is dbing. There is,a
strong hint here that the library is fairly efficient in
the economic sense.

If the conclusion is simply-that the library is economin.
cally efficient, of what use is this technique for
estimating the effects of library decisions? In the next
section the technique is used:to show the implications of
adopting an innovation. When_there:is a complicated inter-
action betWeen many resources: and.many activities a quick
method of calculating "best'Lor "approximately best" ways
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of allocating resources is helpful.

One important qualification to this conclusion about
efficiency must be borne in mind. The library appears
to be allocating those resources which can be varied in
the medium run (one or two years) in such a way that
particular resources are being used to maximum advantage.
But this assumes that users are knowledgeable, and that
isa dangerous assumption to make about an institution
which engages in teaching and research_ Indeed, such an
assumption threatens the institution's raison d'etre.
Perhans a few man-hours devoted to informing users more
fully about the library's stock would alter the benefit
ratios considerably.-

Changing the technology

At the moment of writing, Newcastle University is develo-
ping a method of automating the ordering and accessioning
procedure. (inevitably, cataloguing and classification
remain traditional.) The new:method will reduce the
amount of labour required fOr-the aetivity "increasing
the bookStock" (I). We guessz: that the amount of senior
librarians' time needed will be redtced from 72 minutes
per item to 60; junior librarians' time will be reduced
from 18 minutes to 9;. clerical workers' time will be
reduced :from 18 minutes to 6.: What-would be the effects
of introducing this innovation?

The first reaction to such a proposed improvement in library
technique is to assume that a greater increase in the book-
stock.will be.possible than is the case at the moment.
However,.the library is not only constrained by labour but
also by the budget available.for buying the books.: The
productiOn possibilities are:similar to those shoWn in
Figure.5.at the point e: removing pne constraint bn expan-
sion leaves others which arevequally constraining.: The
problemls to know which resources:to expand in.order to
make the best use of the innovationl.

-

.0ne alternative to expandingl-the resources would be to
increase the flexibility of:-2the labbur force by giving
similartraining to juniorSand Clerks, An easier method
is to.aSsume that hiring anafiring of juniors clerks and
porters are relatively simple and to give to the librarian
discretiOn to spend the budqet on both books and non-
graduate'. labour. This meansthat the budget is raised,
but not 'the cost,to the university. Each activity that

..previOusly used up the'resoUrtes of juniors', clerks' and
porters labour tithe now-uSesHup alprOportion ofthe budget,
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the precise proportion determined bv the hourly cost ofthese different types of labour.

Table 6 sets out the proposed changes. In column one the
present-resource requirements for one unit of I are shown.In column two the requirements are shown if the innovationwere to be adopted. column three shows the new require-ments when the different types of non-graduate labour aretreated as a straight cost.

Table 6

Present
requirement

Post innovation
requirement

Non-graduate
labour as

a money cost

Seniors' time

Juniors' time

Clerks' time

Porters' time

Budget

72

18

18

1.8

55.6

60

9

6

1.8

55.6

60

57.4

Assuming that all the activities except increasing thebookstock (I), user-services by senior librarians (US) andby junior librarians (UJ) must be at least at the level theywere at before, and assuming that the relative importanceof the different activities stays the same (see Table 5),the new techniques yield the increases in levels of outputas shown in Table 7.

Table 7

iI- OILL LML. LL SL US UJ

Before

After

1533

1610

244

248-

53,700

53,700

15000

15006

1000

1000

205.

430

40

0

The benefit from the innovatien consists of an increase of5.7% in additions to bookstock-and more than double theamount-Of senior librarians' time available for user-services. Table 7 also illustrates that the present plan-ning teChnique can be used only with-considerable commonsense, beCaus.e the calculation results in the,recommendation
that there should be no user-Services from junior librarians.79
If the calculations show that a change of plan results in
an obvious improvement, the bl.end of activities recommendedprovides a convenient method_of planning the allocation of
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.staff,within_the library. A new version of Table 3 is
lorekai.ed Which-takes 'into.aceount the changed technology,
and_staff are allocated according to the blend of activi-
tiesWhich are 'to be produced.

Summary-

1. Find the set of production possibilities of the
library. Since the library is the major supplier of
information services, some demand constraints will be nec-
essary in addition to the resource constraints.

2. Use the cost of those resources which can be varied
over a one or two year period to calculate the marginal
costs. Use the marginal costs of the activities as a
first apProximation to the weights in the "profiefunction.
Adjust these weights until the "profit" function, together
with the set of production pOssibilities, yields a linear
prograMming solution that is:7Lthe same as the actual blend
of activities produced during the period'. (This adjust-
ment is simple if the print-out contains information on
upper and lawer bounds to the weights.)

3. Translate these weights.into swap-rates and check
with the decision-takers.

4. Use these weights to pZedict and compare the outcomes
of possible changes in library policy and techniques.

Obviously this method of lib-rary planning has a number of
disadvantages". It involves concepts with which many
librarians will be unfamiliar. The numerical approach to
comparative benefits, or the relatiVe importance of library
activities, implies an accumiacy which is not therei and
the-value of approximation isoften"least appreciated by
those WT10 are unfamiliar with quantitative techniques.

However, a first attempt to :find measures of relative
importance is necessarily apprc, and further experience
can increase the accuracy of sr uates. The computer
print-out (using Mathematical progra,..aming System) contaiIs
a large amount of information additional to that mentioned
in this paper, and this showswhere*-,the range of values is
wide.

All the data reauired for this apprbach are needed anyway
for erementary library managejuent p-roblems: the time taken
by a particular type of laboucr to do a particular job, the
cost of a unit of a particularactity, the amount of the
various resources which are',wailable.

7
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The method allows library problems to be tackled one at a.
time, but without losing sight of the whole complex of
library operations and the objectives of the library.
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Discus,on

Mackene which w- ::ed him about the Durham technique
was that it was h d c winat The library of rather than on the services it
silo-fair( provide; ttrrY.,ese .i-re not necessarily ..,.A.le=ensive. Mr. Morley replied that
by usi=- Ois lech-fque -and assuming that th library budget was fixed it was possible
to vary c...ertain objectiv-, wt±zdn the model =3.d Oretermitie how-the benefits would be
affected.

Mr. Ducheru= asired DAIr- Morley why 1:1-nad ,:ssumed that the short-run marginal
and the attort-rur,tweraLte cts were equal to ttlie unit costs, and why they were assumed
to be comstant. Mir. Mar le-7r -said this was only an assumption because it was not really
known how these costs r Mr. Mackenzit: observed that recent work had indicated
that, for a variety of reasoits unit costs in tilt nevkrer universit_es tended to be lower
than in the estahli-Rhed utniveratdes.

Drquirp. suggest ed. that one way to ss the benett: of a university library
would be tto find ant what costs would be incu by the use= if. a university did not
have a library. More re.se.(mr, was needed tof7"-itad out what did in the libraryl
it might be possiblefor a onirsity- library to -.P-iiction with_a_farily low success rate,
in terms of items being on the shelves when ther-a.re wanted, because if a user could
immediately get some small rtztiportion of his total demands he wouldtbe prepared
to wait for the remainder .to :come as inter-UM:m=5r loans. Howev,...r, -there . coald ,be
cases, in literature searching-when one book led= another., anc jz-:might .be very costly
if the. first and kxybook werenot .om the shelves.. Mr. Morley ied that it was.
imports= to think (of the inniv---sity library notconly in terms of-.MIOrrnation retrieval,
in which:case the library reagionded to a stimulus, but as itselLproviding the stimulus
.by being available for brfowsiag.

Mr. Carter said taut .Morley had trying-to establi4r.'-how a, university
library could make-the best use .of fixed remain:es, but ..universiz7.7administrators
would like to 'know what prduortion of .unive 'rty resources. shoultrLte .allocated to
the library to giVe mia*imuimbenefit to e asiittersity. Mr. Mo 7-r_7.-replied.that one
Way of doing thi s. wonla be ttasess th e. oast af akernattwe :services which, the
readers-wouldhave-to,mw.,. hat -which title niabFersity wouddhave to. pay- for, if. the ,

servimsTrOviddedJity thie-likinstry -were _removed. Oneobvious ices.* would be that -.

TraveLallowauces -woo-Ilea-halve to be inczreasetitto pay for journeyb,to other libraries.
ILa range-of -such .altermatadizegt -were '.eirinized and costed then s:ame idea of the benefit
provided..by-the librarrammedlie established.

Mr. Morley said! I Durham teamhaul dose a. survey :M. the time students
spent.being formally taught nad the time they spenthi private stu d*. either in the
lary or elsewhere. Fielinitinary results indicated that there-- was a certain critical
level sonnewitere between iiiir.301And fifteen hours a weeii if th. Time spent on
les:tures was increased beyond this point a significant fall was ir in the time spert
on private study of both kinds.

T. Urqhuart stiel that .i:nverigations should be carried out into where students
got thei r books from; thyrze must be a conszderable variation from one university to
another in the rc pla by the public library in providing curricular reading. In
Cambridge the praportLa was probably small, in Manchester and Birmingham quite
large.. Did the univer-es know-this and approve of it? Mr. Longwarth said that
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public libraries -were used to the inflmix of students during university vacations; but
he did not object tc.7.. this , as students are legitimate public library users.

Referring to Mr. Morley-us paper, Mr. Vickery asked for an illustration of
how rthe use ()it' the "'rramising" approach yielaed some insight into the preferences
of library users. :Mr. .Morley repliedthat onhrr a vague insight was obtained but
they:found, for exa_--npLe, 'that only 23% of the :readers used in the catalogue.

Mr. Duchesne asked if it was legitimate to extrapolate from the snapshots of
the library at variants proints-in time to a 0.- ic situation, and hence to predict
hovr the library wrrald alter when certlin vazriables were altered. Mr. Morley replied
that it was posaibLie to predict the general ,shape of the curves using the snapshot
technique, anelthe rne3a-surernents on which the ;technique depended could be repeated
as often as required.= -obtain information .-Dout how the system was behaving.

Dannners pi:tatted out that, when assessing the change in costs which would
result with the in...craftoztion of computers, Mr. Morley had not included the cost of
developing the system. He replied that the Newcastle programmes would be free and
computer time wag a-ee, but he agreed that for a more realistic figure of the cost
of the innovationsdnese costs should have been_included. Mr. May said that if Mr.
Morley had appliedzhis technique in industry to a particular section in a firm, then
he Might,thave been acciased of sub-optimizing; he wondered if it would have been
better to look at the untversity as a whole. M. MOrley agreed that there was a
danger of sub-optimizing, but he had really lased a measuring technique and he had
only used an optimization technique in his paper when considering changes in library
technblogy.

Mr. Buciktand asked Mr. Morley if lie had considered the interactions between
the various: serviices 17:100 ided by the liPararyr and wondered if the effect on other
services colruThated if more rmsotarcres were put into one particular service.
Mr. Morley replidlne had assumed thmt7thecte were no complicated relationships
Izetwzen the 'services, but-this did not =rewenc the services being altered and cal-
cularine the 1-.siltr1ng cimanges in the benefitt. :Mr. Carter regretted that it was diffi-
iriilt 2o decide on the allacation of resources between books and equipment; home
depaatments-placed_wrn emphasis on -prnent than_ on books, and it was a pity that
there was -no guidance ani the relative benefits of these.

87
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Statistical distributionsin documentation and library planning. B.C. Brookes.

Introduction
-

The application of statistical teChniques to scientific documentation is motivated
by the following objectives:-

1. To identify the statistical distributions that arise in various aspects of docu-
mentation because such identification is highly.inflrmative per se.

2. To seek empirical laws, correlations and other relationships between differing
processes within documentation work when these processes have been statistically des-

cribed.

3. Wo apply any empirical relationships so discovered to make more rational or econ-
omic use of documentation by special libraries and in the planning of information ser-

vices.

4. develop ECtheary of-infOrmation and documentation processes. The search for
a theory is not simply an end in itself but is the only means of giving intellectual
coherence to a subject which at present is little more than a rag-bag of practical tech-

niquesfund empirically established procedures. Any theory with the hope of unifying
inforOlation "science" and its applications to library planning will have to be essen-
tiallt statistical. But effective library planning depends on a better statistical
pictuVe of books, periodicals and their Usage than we have at present.

At the present time, the needs for statistical data and the usefulness of statis-
tical techniques are inadequately appredisted by documentalists and so most of the data
available are incomplete or in some respects untidy; almost every set of data that
reaches me has to be re-sorted by tedious clerical work. With the increasing use of the
computer information services, statistical.data should become more freely available once
their value to development and rationalization has been demonstrated.

For the most part, the statistical distributions that arise in library and docu-
mentation work are already well-known - ,the binomial, the Normal or gaussian, the
Poisson, the gamma and their variants_-,and the techniques used in analysing these
standard distributions - such as the X, the t and other significance tests - are
already being applied to some extent. The important aspect of all this work is to
understand the conditions under which particular distributions 'are likely to arise and

to recognize the situations which call for particular tests. But such understanding
and recognition requires some apprenticeship in statistical work - there are no short

outs to the acquiring of the skills needed.

In additim., there are some distribulions which are peculiar to documentation work

and are therefore of practical interest to documentalists. When they are well enough
established, these distributions will also attract the interest of theoretical statis-

tioians and we can then hope to,enlist outside help in developing the coherent theory

and subject needs.

This paper is therefore restricted to a very brief survey of occurrences of the
standard distributions that have been noticed in library and documentation work together i

with a more detailed discussion of one of the distributions peculiar to documentation

- the Bradford-Zipf distribution and Some of its applications, especially to the
p1/4nning of npecial.library amines.. t
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Occurrences of some standard distributions in documentation.

1. The Normal (or Gaussian) and related distributions

The variate of the Normal probability distribution has the mathematical form

1 ,

p(x) - exp -(x )
2
/2°-

2 ( CO 4.00 ) (1)

o-rEfF

and its "shape" is shown in Fig. 1.

Though the variate x ranges theoretically from - oo to +60 9 almost the total

area under the graph, symmetrical about its mean, lies within + 3 of the mean value

The parameter 07 is a measure of the dispersion or spreaa of x about its value'.

The smaller the-value of er (the standard deviation), the more concentrated and compaci

the distribution becomes.

The Normal distribution occurs very widely so widely that those who discovered

its importance to biology in the late 19th century a little too readily assumed that i-

was a natural normal law of Nature. So by naming it the Normal distribution they wron;

implied that quantities which did not conform with it were in some sense abnormal. Mo,

anthropometric data (the heights of men, the sizes of their feet, etc.) are normally

distributed i.e. most of them are 'near.the average' value and men of exceptional heig

or exceptionally large (or small) feet are relatively'rare, so ready-made clothing and

foot-ware manufacturers know very exactly the relative numbers of different sizes they

can hope to sell.

The Normal distribution arises when the variate x can be regarded as having a

basic constant value.,,A. 1 which is subject to independent random errors each of which

is equally likely to increase or to decrease,A, by some relatively small amount. It

is of great theoretical as well as practical importance because it is both the ultimat

ancestor and ultimate descendent of many bther'distributions. It shows great stabilit

of form: sums or differences of normal variates are also normally distributed and it

has many other properties of practical use and theoretical interest.

Though the mathematical function of (1) is in some respects rather intractable (i;

has no simple integral), simple techniques of handling it are well-established and tat;

of the "normal probability function" or of the closely related "error function" are

readily accessible. The simplest way of checking whether a likely-looking one-humped!

symmetrical distribution is in fact Normal is to plot its cumulative sum on "arithmetq

probability paper". The distribution is Normal.if, and only if% the resulting plot ii

a straight line, or nearly so. (Fig. 2.)

An occurrence of the Normal distribution that surprised me arose when following

up a clue dropped by John Swets1 and his proposed measure of I.R. effectiveness. Whe;

I plotted Cleverdon's2 Aslib/Cranfield results1 for recall and fall-out on arithmeti4

probability paper they fell fairly closely along straight lines when the variate was

Cleverdon's level of coordination. (Fig. 3.) For me the implication is that I.R.

a process subject to Norn7Z7(oi775aussian) noise and that it should be possible to dev

a theory of I.R., and of indexing, based on this fact. In this case the basic "quant

ity" subject to Normal error is the indexing language description of the contents of f

document. There is therefore an inherent "noise level" in every indexing language wl-q

can probably be measured by the degree of overlap in the Swets model of the distribu-1

tions of recall and fall-out. Mcmever, I do not propose to pursue this analysis fur0

until I have access tO a computerized I.R. system for experimental work.

Distributions directly related to the Normal arise if it is some function of thei

variate x rather than x itself which varies Normally. One of these, the log-normal

distribution may become of some importance in documeniation. In this distribution it !

is log x (which can never be a negative quantity) which is Normally distributed. Its

equation is .

- (l o xg )4/2k4p(x) - egg/a (0 X )
* 9i2-iF

and its shape is shown in Fig.



.3..

This distribution arises also in economics, biblogy, nuclear physics and the
sizing of dust-particles and so techniques for handling it directly are already
well-established. If the cumulative sum is plotted on probability paper which has
a log scale for the variate x, the plot is linear if x is 'log-elormal'. When
Vickery2 published his data (J.Doc.) on the distribution of numbers of papers in
scientific periodicals based on a 1/10 sample of the periodicals held by the N.L.L.,
I plotted the cumulative sum on log probabiliti paper. The plot shows that the
distribution is approximately log-normal and so we now know the "shape" of the dis-
tribution of scientific papers among the periodicals. The distribution offers one
way of describing statistically the totality of scientific periodical literature and
it should therefore be possible to show that the "sum" of all possible scientific
periodical bibliographies convergea to this log-normal form.

In the log-normal distribution the variate x can also be regarded as having a
basic constant value (its mean) which is subject to independent random errors, but
in this case each of the disturbing factors multiplies the constant value by an
"error" just less than or just greater than unity..

2. The Poisson and related distributions

The variate_of the Normal and its related distributions is continuous i.e. it
is a quantity which can take any value within the range of the distribution and which
is'usually measured in some way. alit if we find ourselves counting we are concerned
with a discrete distributian in-which the variate takes only integral values such as
0, 1, 21 3, . . (There are exceptions to this statement: if the number of discrete
values is high enough, it may be convenient, and accurate enough, to regard the vari-
ate as continuous as in the lom-normal example used above.)

One of the most familiar discrete distributiens is the Poisson:-

p( = e
-a

-a
x

(X'M 0, 1., 2, 34

This distribution has only one parameters-a, and it can be shown that
the mean & = a and the S.A., or- = ra7.

If "events" are randomly scattered-in time or'space-then their temporal'or spatial
distribution donforms.with the Poisson law. The'classical example is von.Borthiewicz's
data on deaths in the PrUssian army from the kicks'of arhorse - a random enough event
which conforms closely with the Poisson law.

Random-events occur in speciel_library and documentation processes too. For
example, the arrival of .customers at theservice desk of a library conforms with the
roisson law. The law:has-now-become the basis of a mathematically sophisticated
theory of queues from'which, for-example, the,optimum number of service points for
queues with different statistical laws of 'arrival and departure can be calculated.
But one of the snags of using the.POisson law in Iibrary-Trocesses is that though the
situations in which it is _likely to be applicable are easily recognized, it cannot:be
applied until the value-of a-has 'beenndetermined-i.e.. prediction based on Poisson
analysis is liable to be _rather post.hocunless thayalue of a is already known - in
which case any practicalAueueing,problems.that arise have-ai;eady been experienced
and may already have been,resolved. 'However, it would be useful, for example, in
planning expansion of the numberof service points required if the nUmber-of users:
were expected to 'increase-- but.essentially on the basis.of -past experience. .But it

must be atressed that confident statistical analysis of-queueing-problems demands
mathematical competence.

3. The negative exponential and related distributions

If eventslocour.at'random7in-time=or along- a Aine, the intervals between these(
events, a continuona-variate,,are-fdistributed aceording:to%theAlegative exponential:
law (Fig.7)::--7--

p(t) =-- e
a ,



Tliis law arises in the agetng of periodical literature and will be used in a
later section of this paper. In the context of ageing the law is a simplification,
possibly an over-simplification, of a law of a more general form of which the law

above is the simplest member. The more general form, the gamma distribution has the
mathenitical form:-

1 tn - 1
e-t (0 4 t vo ) (2)p(t) = -T-TriTy

When t is small, the factor tn dominates: as t increases, the negative exponential
factor gradually takes over and the value of p(t) declines towards zero. (Fig. 6)

The above distributions are widely used in reliability theory in which the life
of mass-produced components confdirms with variants of (2). If (1) is applicables
reliability theory yields a result for the life of a multiple component which consistE
cP,11. elemental components working in parallel: the multiple component continues to

4Le until the last of the elemental components fails. The mean time to failure
of the multiple component is increased by a factor which depends on n:-

1
1 + + + . . -

This factor represents a law of diminishing returns: if n is 2, the factor is 1.50;
if n is 3, the factor is 1.83; and so on. But the intriguing aspect of the factor is,
that it is also a Zipf distribution and so suggests that periodical literature which
conforms with this law (discussed in a later section) also offers the user a law of
diminishing-returns as the size of any bibliography he is interested in increases.

The practical handling of these exponential distributions is usually helped by
the use of semi-log graph paper in which the log scale is used for the ordinate p(t).'

Statistical distributions in general

The distributions mentioned above have been grouped in a way which might suggest that,

they form independent entities. But in fact they form a closely inter-related family;
with an underlying web of relationships.' For example, the Poisson and Normal laws
can both be derived from the Binomial law: and the Poisson law reverts to the Normal;

. law as a increases indefinitely. One advantage of developing the statistics of docu-1
mentation is that this web of underlying statistical relatiOnships oan help to link
docdmentation and library usage phenomena Which are still regarded as unrelated. i
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The Bradford-Zinf ler/ of scatter of periodical literature

It all the issues of all the periodicals which publish papers relevant to a well-
.

defined scientific topic are collected together for a period of, say, one year, the
number!of relevant papers published by each contributing periodical can be counted
When the count is known, the periodicals can be arranged in order of decreasing predgo-
tivity. The periodical ranked 1 may well be one which is almost wholly-devoted to the
particular subject or it could be a more general scientific periodical, such as Natuie
or Science published frequently and containing large numbe-rs of short articles and 4

letters. In all subjects there will be further periodicals which contain substantial.
numbers of papers relevant to the subject. But there will also be a long tail of
periodicals - about half the total number of contributing periodicals, which only con...!
tribute on average between one and-two-relevant-papers per annum. The cumulative
totals, R(n)1 ef the numbers of relevant papers are then found. Thus R(1) is the total
of relevant papers in the periodical ranked 1: R(2) is the total of relevant papers:in
the periodicalsranked 1 and 2 and R(n)-is the total of relevant papers in the first n
of the ranked periodicals.

When successive values of R(n) are plotted against n on semi-logarithmic graph
paper, the graph will be found to begin with a rising curve which runs, sooner or later,
into a surprisingly smooth straight line. (Fig. 6.) The useful feature of this "bib-
liograph" is that if enough data have been collected to ensure that the straight line
is reached, the end of the line can be predicted. And if the end of the line is known,
so also is the total number of periodicals which contribute at least one paper per annum
to the scientific subject. The narrower or more specialist the subject, the shorter
will be the curve which rises to the starting point of the line; in many cases it suf-
fices to identify and count the productivities of only the 10 most highly productive
periodicals.

The equation of the straight line is R(n) = N log n/s where N is the total
number of periodicals contributing at least one paper per annum to the subject% To
estimate the value of N it is necessary only-to find where the straight line, if continued
downwards, meets the 'axis of n. The highest (and therefore the most reliable)values. of
R(n) and n are then substituted in the above equation. We then have '

.R(n)

TO.ITV;

In thic eqUation the logarithrn is the 'natural' or Napierian logarithm which has the
base e: tables are found in most elementary sets of 4-figure mathematical tables.

When N is known, the total number of relevant papers published per annum can also
be calculated since

R(N) = N log N/s

Thv above formulae are based on a. mathematical formulation of Bradford's law of
scatter'. They represent a mathematical ideal which is very closely approached by
computer searches of comprehensive bibliographic collections, such as MEDLARS, (Fig. 7)
but manual searches (Fig. 8) are likely to fall short of the Bradford ideal. Enough
evidence has accumulated to suggest that deviation's from the Bradford ideal can be
accounted for by admitted or demonstrable incompleteness or by weaknesses in the search
procedures. The Bradford ideal can therefore be taken as the practicable target when
sufficient care and thoroughness Over the search is taken.

In manY Practical cases, it is neither necessarY nor would it be economic to collect
the "complete" Bradford bibliography. However, it is hslPful to knoW what fraction of
the total is attainable or practicable* _For example, if anyone were interested in es-
tablishing a special.library 'for a research department interested .only in muscle-fibres,
the bibliogreph shows that of,the cOntributink PeriOdicals listed in the MEDLARS biblio.
graphy, the nuclear group of 25, period ca a one pro uce, 57 of the relevant papers and. ,
that 80% of the field is covered hi' the 64-Most PredUetive pericdiCala whereae it
requires 313 Periodicals to cover the- l!coillPlete" bibliography,
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Other applications of the bibliograph

A bibliograph of the same form as that obtained for the periodical literature oT

a well-defined scientific subject can be obtained from other types of bibliographic t

data.' The Bradford-Zipf law seems to aiise In situations in which a finite set of

choices is available but in which the probability of the choice of a particular iterM

is reinforced by each previous choice of that item so that.a few of the items eventuiall

attract most of the choices. The "popularity" of the most.frequently chosen items, 1,

however, eventually causes "saturation" - not all the first choices of these items can

be satisfied. For example, a periodical may attract more papers than it has space to

publish: the rejected papers may then be submitted to less popular periodicals in the

ranked sequence until they 'are accepted. "Saturation" is indicated by the curved part

of the graph.

Fig. 9 shpws the bibliograph of abstracting publicationd drawn from the data of

Wood and Bower' of the N.L.L. on the use of abstracting publications in social sciences

These data conform very closely with Bradford-Zipf expectations. They show a nucle4s

of 10 publications and an expected total of about 80 of which 77 were included in the

N.L.L. list.

The data on citations is more:difficult to interpret. East and Weyman's5-data on

citations of books in the literature of plasma physics produce a bibliograph of the

expected form except that it continues beyond the expected limit. The graph indiowees

a nuclear group of only 5 books and, if the Bradford-Zipf law were to hold for cita-hor

a total of 222 cited books would be expected. East and Weyman, however, found that

529 books were cited but'they add that the most cited items were "clearly directly

related to plasma physics" and that a "large number" of less cited monographs dealt

with "other areas of physics, mathematics, etc." Clearly, the items of choice in this;

particular case, the books cited in the.literature of plasma physics, do not all belonl

to the same bibliographic classification. The eleven books ranked 1 to 11 certainly

belong to the literature of plasma phystcs and so account for.the conformity of the

initial part of the graph with the typical Bradford-Zipf form.

Data on the citations to periodicals.in the same subject are also provided by

East and Weyman (op.cit.). In this case the bibliograph of the 70 periodicals most

frequently cited lacks the initial curve:, the graph conSists initially of two straigh-)

lines of different slopes.,( The first straight line is a typical Zipf graph indicating

that "saturation" has not occurred here. It is not surprising; there is no limit on

the number of times a periodical may be cited though, oddly enough, "saturation"

occurred in the data on monographs. The Bradford-Zipf estimate'in this case also,

exceeds the number actUally found (14,173,estimated, 11,901 found) whereas with books

the estimate was less than the number found. A possible partial'explanation of the

anomalies in this case may stem from the fact that the citations noted were in no way

limited by the date of the issue of the'periodical cited. It is reasonable to assume

that conformity with Bradford-Zipf expectations Would.require that all the "items" 1

,open to "choice" - here the periodicals. cited - 'should be exposed to 'choice for the

same period of time. This condition is clearly not satisfied by this particular set

of citation data (there is no reason why it should have been) one of which is mentioni

as going back as far as 1870.

A third set of data published bY East and Weyman (op.cit.) enumerates the citatic

for each paper cited from Physics of Fluids (1961-4). The bibliograph is shown in

Fig. Wijt. This again is of the typical Bradford-Zipf form and again the straight line'

extends (248 calculated, 372 found) beyond the Bradford-Zipf expectation. Examinationi

of these data suggests however that the most frequently cited Paper (which is cited ,

only 14 times) is not cited as,frequently, as'a Bradford-Zipf distribution of the givenl

totality would require nor_is the range: of ."popularities", from 14 citations to 1, as;

large as would be required. It,maY be possible 'to_regard such data, and a similar tyr

of data which arises from coneideratieri'af rOsidual,demands, such as those handled by

the N.C.L. and the N.L.L. bY soMeJgriil Of truneated-Bradford-Zipf distribution from

which the unknown""head" is missing'. ''Bn'the erri"r'dal evidence so far available

suggests that, in such cases, the,"tail"is--not ohopped" off cleanly from the "head"

and further analysis la needed.



These partial failures of the Bradford-Zipf bibliograph help to elucidate more
precikely the situations in which the bibliograph can be used with confidence and to-

clarify the conditions which have to be satisfied. Citations clearly do not fully

satisfy these conditions. There is no saturation effect because it 'costst notTniTrm.it

in effect, to cite a paper; it may be that the seeming conformity of sets of
with the Bradford=Zipf form for sets of periodicals is merely a reflection., part:T

distorted, of the underlying periodical distribution. "The °core' journals tend.

attract the most citable papers", East and Weyman noted.

At the same time the distributions of citations widen the linear logarithm= .

formhof cumulative sums of documentary distributiona and so-suggest that a more amtleral

empirical law may be found. In the Bradford-Zipf bibliograph for seriodicals tbe
valueof s (the point at which the_linearity intercepts the axis of log n) is never

less than 1. But in Fig. 9 the iniiial linea-fiEk has a value of B, 1/2.08, whic a

just less than 1/2, while, for the second linearity, s is again 1.

One area to which the distribution should apply, since the.required conditic,rLs

seem to be satisfied, is to the issues Of books from a library. Here again, 17;:he

library user has a very wide choice and yet his choice of the most popular books la
restricted because such hooks are not always available when he wants them and benmuse
the process of issuing and restoring a book to circulation'takes inite time even in

a computerized issue system. A bibliograph of the issue records of a library should
therefore establish which books, at any one time, constitute the popular nucleus and
should enable an estimate to be made of that fraction of the total collection which

is of active use. But no book issue data have yet been studied in'this way.

A second area to which the distribution in one of its forms should apply is to

the frequency of use of index terms in a 'document retrieval systeM. Here again a

bibliograph should be helpful in identifying the terms which are over-worked or under-.

worked, in devising labour-saving search strategies, or in estimating the ratio of

growth of the admissible indexing terminologY.

In all the areas mentioned more data and analyses are needed. One use of the

bibliograph arises from its potentiality'as an instrument for the managerial control

of a library or documentation syStem.
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Theoretical problems

Clearly some theoretical problems remain to be solved. If the points of the
initiai rising curve of the bibliograph are plotted on log-log paper instead of on
semi-16g paper, a single straight line is produced in the simplest cases. This
indicates that the form of the initial curve of the bibliograph is

R(n) = n

Where ti and /.5 are constants with ,' < 1. But sometimes a series of two or three
successive straight lines arises, in which the value of d increases in steps up
towards 1. In all such cases so far studied, these complex forms arise when the total
hdb1iography covers a long time-span or when two or more slightly different categOries

cf data are known to have been combined. Fortunately, the effects of these variations
affect only the nuclear contributions, which have to be counted anyhow, and they do,

not affect the practical applications based on the subsequent linearity.

The Bradford-Zipf distrdbution also has an extraordinarily stable form. It is
therefore possible to.calculate the composing or resolving of wholly independent or
partially overlapping bibliographies. It would also be helpful to know exactly how
the form of a bibliograph develops as the literature on a new subject grows from the

first basic paper; usually, it seems, a sUbject inevitably widens as its literature

grows and the resulting bibliograph may be regarded as the envelope of a number of
Bradford-Zipf linearities of increasing slope.

Statistical Bibliography

Empirical laws-S-Uch as the Bradford-Zipf could be helpful in transforming library ;

management into a more business-like activity. The study of bibliography is still in
a kind of natural history phase, much concerned with particulars but little concerned
as yet with seeking general relationships between the particulars. The fact that the
emergent empirical laws of bibliography cannot yet be adequately explained in causal
terms need not prevent their application in solving appropriate problems. There is
much work for them to do in the planning of more rational, economic and effective

library and information systems.

In such work the Bradford-Zipf distribution has a role to play because it has an
optimizing factor built into it; once periodicals are arranged in order of their pro-
ductivities of relevant documents or books in order of popularity, any cut-off left
at the 'head' of the bibliograph automatically indicated the n best periodicals, or
the n most popular books. It should therefore be helpful in designing systems or
when applied to them. There folloW three simplified models intended to show some ap-
plications of the Bradford-Zipf distribution.

Com lete periodical sets and the buying of photocopies

Problem: The complete set of periodicals which produce papers relevant to a

scientific, topic T numbers N. This set contains a long tail of periodicals iN)
which produce an average of only 1 to 2 relevant papers per annum. Consider the
economics of buying photocopies of relevant papers instead of periodicals.

Let A = average cost of the periodical subscriptions per annum (in any monetary
units);

P = average cost of one photocopied1paper (in the same monetary units);
and P/A = p (0 4 p 1). 96

It would be reasonable to assume that a special library interested in the subject
T would, in any case, wish to buy all the periodicals in the Bradford nuclear zone of ,

the set so that the possibility of acquiring photocopies applied only to periodicals

in the outer zones. The analysis can therefOretbe based on the periodidals which con-
form with the Zipf linearity i.e. it will be assumed that n > c throughout.



-9-

Let the B-Z fOrmuIa of the coliiiete set Se

R(n) = N log niS , (c _n < N) . .... (1)

The productivity of the periodical-ranked nth will then be N/n relevmnt papers

per annum and the cost of each of these rmlevant papers will e Am,14. Thus the cast"

of buying relevant papers by'meams of meriodicals increases umifommaly with n but the

cost of buying photocopies remains.constant at P units each. (Fig. 10.) The point

at which it would.pay to switch to phot000pies is given by

*An/N P o .. 0 0 (2)

i.e. when the cost of buying relevant papers through the periodicals exceeds the cost

of a photocopy. The poini is reached when

n > PN/A = pH (3)

The total cost of buying the first n periodicals is nA. The number of photocopies to
be bought is equal tp the number of relevant papers to be expected per annum from the
periodicals ranked (n + 1) to N inclusive. This number is

R(N) R(n-+ 1)

and their cost will be

.N log N/s - N log (n + 1)/S

= N log N/(n:11. 1) . . 6 .-. (4)

PN log N/(n 1) (5)

The total cost of buying the complete annual bibliography will therefore be

C =, nA + PN log N/(n 1) ..... 0 0 . . . (6)

a funOtion of n which has a minimum value at n
of (n + 1) into (6), we have

PN - A + PN log A/P .
+ 1 = PN/A. Substituting this value

a (7)

As the total cost of buying all N periodicals would be NA units per annum, the saving,

S., per annum.isH

NA PN PH log A/P

so-hat s/AN ,(1 + log A/P) 1

(1 p log p
r

The graph of this function, which represents the maximum proportional (or per-
centage) saving attainable is shown in Fig. la. The economy achieved is clearly
closely dependent on the value of p = A/P.

Example: If N = 6 = 2, the total bibliography would consist of

400 log 200 = 2119 per annum with a nucleus of 6 nr more key periodicals.

Assuming that ly = 0424 4he number of periodical subscriptions could be reduced

from 400 to 80. The nt-'11...ic of releVant papers thus acquired would be 400 log 4o = 1476

and the remaining 643 .,'Apt;rs, distributed over 340 Periodicals, would_be bought as

photocopies. The libkvcy would thus have complete periodical average of its subject

at 5 2? of the cost (1.R. z..-1,yiu the complete set of.periodicals.
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The diseartimg of age-1=g -periodicals froth a _sub:teat_ set

roblem: "Ehe library tAkes only M of the N periodicals of the complete

-8ubject set. Pllicy: Periodics issues are discarded wlen their "utility" has

A:cayed to the seam fixed level.. Consider the loss of utility.

Application of this policy w'uld leave the library with relatively long runs

: the most mrvductive Periodical-, and relatively short runs of the least productive,

a minimum level_ of utility a-oplied to all thePeriodicals..

The Mth period:Lcal produces N/M papers per annum.. If this periodical is dis-

carded after ttme Tr the lost utility is

hind ,so

-T/a
M

= k

(1 )

here t
n

age of discard of the periodical ranked n. Solving (1) for t we get

tn = T + a log M/n , (n 4 M) (2)

Mk
The total proportional loss of utility (3)

'FraTTN7-E

If the Mth periodical is to be retained at all, k cannot be greater than the
value of N/M which It attains when T = (In this case the Mth periodical is bought,
examined for its occasional relevant papers which are noted, but it is not shelved;

all other periodicals acquired are retained for perioda .which increase from zero up-

wards as the rank n decreases. Note that'll T = 6, then k = N/M and (3) reduces to

1 (4)
log N/s

which is independent of M, the saze of the collection taken. (Fig. 13.) Hence, if

periodicals were removed completely one by:one, beginning with the least productive,

1/N th of the total original utility would be lost at each step as the utility of

the remaining periodicals is reduced to the same minimum level.

For N = 400, s = 2, log N/s = log 200 = 5.30. The adoptien'of this policy of

discarding periodioals when, as they age, they reach the same level of utility,
would mean discarding 1/5,00 or 19% of the total utility with a saving of about 60%

of the shelf space.

The optimization of the periodical stock of a central/branch library system

Problem: A library system consists of a central library together with r

branch libraries all serving the same subject for a total population of R users. It

'costs' the user of the system, ce monetary units for each consultation of the per- 1

iodicals in his branch library and 4 monetary units (IS.> 0C ) in his central libraul

The central library is bibliographically_11complote" in the subject, i.e. it takes

all N relevant periodicals. If it is required to minimize the total cost (i.e. user

cost plus provision cost) how many of the N periodicals should be made available at

the branch libraries?

Let n (1 n N) be the required number of periodicals. Then the proportio

of consultations that Can be satisfied at the branch libraries is 1
4

N lo
N log

and the remaining proportion,
N lo
N log N s

log N/n
log N/s

e cost of each of the R users
have to be referred to the centz,al library. is there



0CN log n/s + /SN log N/n

The cost of providimg n periodicals for each of the r branch libraries and N perlodig.
cals to the central library is

(rn + N) a

where a is the average cost of the'periodicals. So the total cost of the system is

N log n/a + 6 N log N/n) + a(rn + N) Ir 6,(1)

If n is regarded as the variable while all other terms remain constants the
minimum total cost occurs when

arri = NR( 4 - .ed . )

R (A - )i.e. when
a .

It will be seen.that n increases as the ratio of users to branch libraries increases
or as the disparity between the Costs of'using the central and branch libraries increases.

I. But the value oflm is also inversely proportional to the average costs of the periodicals.
These results accord with expectations.

The analysis could be taken farther. It has so far been assumed that the library
system has its fixed number r of branch libraries but the above.result wOuld hold for
any value of r. By substituting the value of n just formed Into (1), the total cost is
expressed as a formu/a from which the unknown n iS now eliminated. The formula thus
becomes an expression for r by means of which the .optimum number otbranch libraries
could.be calculated. It should be ,noted;.howeverl that, if the number of branch libraries
is theoretically allowed to vary, lt cannot be assumed that ot and A are constants

V independent of the value of r. It is likely that :d decreases and that /3 increases as
r increases but no helpfulldata on this problem are known to the author.

Concluding Comments

The unusual feature of the Bradford-Zipf distribution is that it is a concurrence
of two distributions. How does this double distribution arise? ,This question of being
analysed with the help of a computer simulation program which, at present, is only
partly worked out, and by means of which we test our hypotheses. We have found a means
of generating the Zipf distribution (the linear part of the bibliograph) from a simple
probability specification which simulates random ,and unrestricted pUblishing of papers
in a number of "potentially contributory" periodicals which grows as the subject develops.
It has already become clear, however, that the probability mechanism which generates the
Zipf distribt4tion will have to be.modified to generate the Bradford nucleus and that the
modification requires restriction of the,simulated publication of papers in the nuclear
periddicals. Possible probabilistic forms of this restriction are now under test.
Firl,ally, the generating program will have automatically to permit a smooth relaxation
froT)"restricted" to "free" publication at the critical point of the simulated biblio-
graph.

The 11,/ results reported in this paper are mainly theoretical. But, it is suggested),
they are plausible. enough to justify further exploration, both theoretical and practical. '

The Bradford-Zipf distribution and its bibliograph need further analysis which, ideally,
requires access to a comprehensive comPuterized I.R. system to produce quick and reli-
able results of the kind and On the scale detailed anialySis demands. The possible
application of this new distribution to eOhographs, as well as to periodical literature,
and also to library processes deserves.to be explored 'because there is already some
evidence that the Bradford-Zipf distribution has a'much wider generality than was first., ,appreciated. It could be very useful in, Planning anY rationalization of library
resources..
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STORAGE POLICIES FOR INFORMATION SYSTEMS

by

Ferdinand F. Leimkuhler°

ABSTRACT

The cost of an item of information in a storage system is
defined as the sum of an initial cost, a time dependent
cost, and a usage cost. Item usage is assumed to follow
'a simple exponential obsolescence pattern. A decision
rule for the economic holding time of an item in storage
is derived from the model and based on a policy of minimiz-
ing the average cost of usage. Some properties and implica-
tions of the rule and policy are discussed. This model is
developed in the context of large research libraries but

*should be applicable to other kinds of information systems.
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Introduction

It has been pointed out by C. W. Churchman [1968] that the more Important

issue in current efforts to develop automated information systems is not how

to merely computerize existing clerical practices, but how to use this new

technology to enlarge our concept of information systems so as to include the

user as a more integral-and active component. If libraries, accounting

systems, or other kinds of information systems are to be made more responsive

to the needs of the persons using them, then the appropriate level of planning

and control must be broad enough to include the user as an effective

participant. Churchman goes on to point out that even a well-designed user-

library system would be a subsystem in a larger environment and would run

the risk of suboptimizing its policies relative to the larger system.

N. R. Baker 11967] has suggested one way to formalize the notion of

system expansion by defining a service-system as composed of three active

components: the service agency proper, its users; and its funders. The

funder component is the final arbiter of system performance. This model

permits a closed-loop analysis of the interactions among the three groups,

which Baker used to show that the "servicers" can expect to become increas-

ingly more-constrained in their decision-making unless they can make L-

satisfactory decisions before users exercise their influence and before

funders exercise their powers of control to force the decisions. The

service agency must convince the others that learning, not influence and

control, is the dominant factor and the most productive approach; and they

must demonstrate the fact that they are exploiting fully the political,

economic, and technical resources which are available to them.

Libraries are among the worlds largest information systems. They

provide a rich history of operational experience for the student of general
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information systems and a large working environment in which to test new

design concepts. Although conventional libraries are essentially manual

systems for the handling of mechanically-stored Information in book form,

many of their operating characteristics are readily transferable to more
_

sophisticated systems using computers and microform storage devices. This

is most apparent in the library operations research studies of recent

years, and the seminal work in this field is reported in the recent

monograph by F. M. Morse [1968]. Library operations research studies

have concentrated on the problems of storing and using library materials,

while library and information scientists have focused on problems of

organizing and retrieving these materials according to their intellectual

content. The latter problems seem to constitute a more difficult long-run

research field, since the introduction of the newer methods of information

storage preclude direct user acceszl and require newer methods of obtaining

remote intellectual access to the file.

Much of the operational analysis of libraries is related directly to

the problem oi library size, and the use of such options as depositories,

interlibrary loans, blanket orders, duplication, and compact storage, as

means of optimizing library size relative to the observed usage of the

library. _Usually, the library under study is thought of as a member of a

larger information network which permits local suboptimization without

precluding the possibility of the user going elsewhere for information. A

good prototype example of this kind of approach is the model proposed by

P. F. Cole [1962], and refined by M. K. Buckland and I. Woodburn [1968],

by which it is shown that a 2,000 volume petroleum library can expect to

satisfy the greatest number of user requests by subscribing to approximate.ly

190 different journals or serials and holding them for about eleven years.

Variations on this theme of "optimal library size" are seen in the study



3

of depositories by Morse [1968] and W. C. Lister [1967] and the Wttly f

interlibrary loan by G. Williams [1968]. A more sophisticated approach

Is the fully stochastic model of H. 11 Gurk and J. Minker [1968] which

studies the effect of retention policies on the size of a data base for

a computer utility.

The size of a library or data base seems to be the most important

measure of its worth apart from its usage, since it suggests comprehen-

siveness or completeness of knowledge. This has long been the traditional

measure of stature in library circles. The two important determining

factors of size are the breadth of acquisition and the length of retention,

These are also important factors in determining usage along with the ease

of access. While some moth-1s have been developed which concentrate on

library breadth, (see Leimkuhler [1967, 1968]), the problem of retention

time has been given the greatest attention. The storage cost model and

storage policy developed below is intended to reveal some of the essential

economic characteristics of informatianatorage systems in an elementary

way by developing a decision rule for the holding time which is both

practicable and near-optimal.



Cost of Storing a Single Item

Recent studies of the cost of operating library-type information

systems, such as ithe work of Williams [1968], and R. Shisko [1968], sug-

gest the following cost model for information storage systems:

K(t) kl + k2t + k3 u(t) (1)

Here K(t) represents the total cost of holding one item for a period

of t years; ki is the initial cost of acquiring the item; k2t is

the holding cost which is linearly related to the retention period; and

1,c3u(t) is the usage cost which-iS próportional to the number of uses

made.of the item during the period t . This model is consistent with

those used by Lister [1967] and Buckland [1968], although their models

Included more terms in order to recognize other control variables.

Equation (1) could be discounted in order to obtain its equivalent present

value as was done in the study by Williams. Equation (1) is not supposed

to represent the ordinary way in which the costs of libraries or other

types of information systems are reported for either budgetary or cost

control purposes. Rather, it is intended to express storage cost as a

function of-time and usage in the simplest possible manner. There is no

theoretical reason, for example, for not including user costs in the

parameters along with.the direct and inr:iirect costs of the storage system

proper.

In his study of book use models, A. K. Jain [1967] described several

models which express book usage as a function of age. In all of these

models the cumulative use, u(t) , increases monotonically with t

while u'(t) decreases. The simplest of these models is the exponential

case, that is:
-btut(t) = re (2)



u(t) = (r/b)(1 - e-bt)
(3)

where r is a scale parameter associated with the instantaneous initial

usage level and b denotes the instantaneous obsolescence rate. The-

ratio (r/b) is the limit of u(t) as t approaches infinity and

therefore a measure of the lifetime usage of the item. Based on an exten-

sive study of the M. 1. T. Libraries, Morse [1968] proposed a usage model

similar to that of equation (3) but including a constant or residual use

term which is independent of age, that is, the usage rate drops exponen-

tially to a residual level. He showed that this model results from a

simple Markov process for the change in usage from year to year.

By substituting equation (3) into equation (1), the total, marginal,

and average costs as a function of holding time are obtained respectively,

as follows:

K(t). = k1.4..'k2t + k3(r/b)(1 e-bt) (4)

tK'(t) = k2 k3re

TC(t) (k/t) + k k3(r/bt)(1
e-bt)

(5)

(0)

Both the marginal cost and average cost of retention time diminish to the

level k
2

as the holding period increases, and the total cost becomi

increasingly linear with time.



Cost of Providing Uses of an Item

A more interesting and useful cost relationship is obtained by ex-

pressing the total cost as a function of the cumulative usage during the

retention period. By inverting equatIon (3), one obtains the time required

to provide the filst u uses of an item in storage, that is:

t(u) = ln(1 bu/r)
-1/b (-1/b)ln(1 - bu/r) (7)

By substituting equation (7) into equation (1), the total cost for pro-

viding the first u uses is defined az follows:

K(u) = ki '(k2/h)1n.(1 - bu/r) + k3u (8)

The marginal cost for providing the
th service is approximately equal to

K'(u) = k3 + k2/b(1 - bu/r) (9)

where it is assumed that the derivative of K(u) approximates the finite

'difference, K(u) - K(u-1) The average cost of providing the first

uses of an_item is defined by the equation:

K(u)
1
/u) - (k

2
/bu)ln(1 bu/r) + k

3
(10)

While both the total cost and marginal cost of usage increase monotonically

and quite rapidly with increased usage, the average cost decreases at first

and then increasea with usage.

The implications of equations (8), (9), and (10) can be more readily

seen if they are expressed in terms of a relative measure of usage,



which is the ratio of the cumulative usage over the lifetime usage, that

bu r

It.is convenient also to define Chre parameters and' K as follows:

(12)

where 1(3 can be interpreted as the total lifetime usage cost

and K-
2

as the holding cost for a relaation interval,' lib

_these definitiOns, tl equations for the total, marginal, and

of usage become:

(7.3)

of an item,

By using

average cost

(14)_

(3.5)

(16)

These relationships are plotted in Figure 1 to-show thef,r general shape

and properties. The plotted values are based on the arbitrary asSUmption

that k k
1 ' 2

and K
3

are of r-qual magnitude.



6
Average Cost
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Marginal Cost

2 - x
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o
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Figure 1--Information Storage Costs of One,Item as a Function
of its Usage, When Parameters k

1
, K

2
, and

K
3

Are.Equal to K- -
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Storage Policies for a Single Item

The total cost function, K(x) , consists of a linearly increasing

component and a logarithmically increasing-component which are weighted

with the time-cost kor storage. When the time-cost parameter, K2 , is

relatively large, the total cost increases quite rapidly for higher

values of x This is reflected in the marginal cost which increases

much faster than total cost. If it is permissible, it is reasonable to

expect a library to discard an item baiore it has exhausted all of its

potential usage in order to avoid the exrEmely-high cost of continuing

to hold the item indefinitely. In practice, it is more common for

libraries to transfer infrequently used itefts to depositories unless

assured of their availability in some other cooperating library. The

experience with depositories has suggested that there is a significant.

cost associated with the selection and recording of such transfers. Much

of this cost might properly be considered as an acquisition cost for the

depository collection although there would be some cost of changing records

in the Primary colleCtion.. The present model is not intended to account for

all of the various options which are available toa'library, although It
-

could be expanded to include'such options.

From the viewpoint of microeconomic analysis a'policy for limiting the

retention time of an item and therefore limiting its usage shOuld be based

on a consideration of.both the costs and thebenefits incurred or avoided

by the policy. An optimal economic policy should'eeek to expand service

as long as the marginal benefirs are of greater value ::han the marginal

costs. If the resources are available, then all services should be expanded

to the same point of zero marginal net benefit. If resources are limited,_

then the service should be expanded to the point where the marginal net

benefit Is the same for all costs,:,sinceiotherwiSe, thecosts could be
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reallocated so as to increase the total net benefit. In order to apply

these optimality principles directly one needs to evaluate the benefits_-

derived from item usage in a manner which is directly comparable to the

cost measurements. However, the direr:, measurement of the economic.value

of the benefits of information retrieval is an extremely diffiz7ult, if not

impossible, task, and indirect methods are the only recourse.

An alternative approach to the establishment of storage policies is to

chooLt, chat retention period which minimizes t'lle average cost of usage.

In addition to the lwactioal rAvantage of being based on the direct measure-

ment of costs only, this policy has economic attributes which recommend it

sas a near-optimal solution with regard to user benefits, also. There is

good reason to suppose that the marginal and average benefits from item

usage are relatively constant from the standpoint of anticipating such

benefits for the purpose of establishing a policy. Furthermore, average

benefits should be at least as great as the average cost in order that the

entire venture is not unprofitable. By holding an item to the point where

average -:ost is minimized, there it is an assurance that at least a break-

even insthe cost-benefit relationship has been achieved. This is a relatively

conservative approach to tne problem which is not at all unreasonable when

there Is almost complete ignorance about the relative worth of the benefits

derived from item usage.

There is a well-established economic thesis which holds that the long-

term tendency in competitive production is for the producers to be driven

to the point of zero net profit, that is, where average cost equals average

revenue. While the situation in Information storage is not directly

analogous, it seems to be quite similar in that there are usually alterna.7-

tive information sources available to the user, and these alternatives will

be exercised as long as they can do so at less cost. The competitive inter-
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action of users and suPpliers should tend to match benefits with costs.

--Another argument, in favor of a minimum average cost policy is that it is a

highly practical operational policy for a production or service subsystem

to follow, since it motivates local efficiency and technical innovation.

For example, it provides a viable guide to the management of a factory in

meeting its production goals at minimum cost and for reporting to higher

management the factory data they need to establish goals. Standard cost

accounding procedures develop average cost figures which become a measure

of factory performance.
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Minimization of the Average Cost of Usage

A storage policy based on the minimization of the average cost of

usage is relatively easy to Implement on the basis of cost information

alone. Since the average cost achieves a minimum value when it is equal

to the marginal cost, a decision rule can be easily obtained by equating

equations (15) and (16) and solving for x as follows:

Min T(x) =>_kl/K2 = ln(1 - x) + x/(1 x) (17)

71:ts decision rule is evzlluated in Table 1 where the relationship is

shown between the parametric ratio (k
1
fiL ) and the value of x which

2

minimizes average cost. By referring to equation (3), it is possible to

'translate this decision rule into the holding times which minimize amarage

cost as follows:

e
bt

1 btMin i(x) => ki/K2 = (18)

where b is the obsolescence rate and bt expresses holding time in the

number of relaxation intervals. By expressing holding time this way, it is

possible to demonstrate the effect of the decision rule on holding time

using equation (7). This is done in Table 1.

An approximate version of the decision rule can be obtained by expand-

ing the exponential term in equation (18) and ignoring all but the first

three terms in the expansion. This leads to the simpler rule:

Min:E(x) => th = 1/21(1/bk2 (19)

where t
h

denotes a holding time which effects an approximate minimization

of the average cost of usage. This version of the dec. on rule has some

intuitive appeal because of its similarity to the economic lot-size
_-

formula of inventory theory. The control parameter th can be called the

ft economic holding time" for an information system. It can be seen in

Table 1 how t
h tends to overestimate the time required to minimize average
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cost especially at unusually ls.rge values of the ratio (k1/K2). Equation

(19) implies that the economic holdig time will change as the square root

of changes in the cost of acquisition and storage or changes in the

obsolescence rate. As the cost of acquisition, k
1

decreases the hold-

ing time will decrease, and as the storage cost, k2 , decreases, the

-holding time is increased. An increase in the obsolescence rate will

decrease the holding time and will decrease the total usage obtained from

the item since, in equation (17), an increase in b decreases the parameter

K
2'

which decreases both Che ratio (k
1
/K

2
) and the minimizing value of

relative usage,

Table 1. Values of Relative Usage, Holding Times, and Ccsts
which Minimize the Average Cost of Usage for an Item

Fraction of Holding Time Ratio of Economic Holding
Total Life- (relaxation Cost Time as Computed
time Usage intervals) Parameters -from Equation (19)

,bt k
1
/1C2 = V2k1/K2

0.1 0.11 0.01 0.11
0.2 0.22 0.03 0.23
0.3 0.36 0.07 0.38
0.4 0.51 0.16 0.56
0.5 0.69 0.31 0.78
0.6 0.92 0..58 1.08

0.65 1.05 0.81 1.27
0.70 1.20 1.13 1.50
0.75 1.39 1.61 1.80
0.80 -1.61 2.39 2.19
0.85 1.90 3.77 2.75
0.90 2.30 6.70 3.67
0.95 3.00 16.00 5.66

0.99 4.61 94.40 9.72

1-27-



Concluding Remarks
,

It Is interesting to note that the decision rule establishes the

holding time independently'of the usage parameter, k
3

. In fact, if

only acquisition and time dependent costs are considered, the holding

7time would be the same. The interesting point is that it is reasonable

tiOn rate of new materials. Even the. acquisition costs are correlated

Closely with aiZe, because of the steady exponential growth patterns

'to Argue that almost all of the costs of operating a library can be

Allocated between these two cost categories, since most of the labor

cost in libraries is expended for professional ox semi-professional

personnel who in many ways represent as much of a system investment as

do the purchage price of the materials. Almost all categories of :library

cost cOrrelate-CloSely With:the size of the collection and/or the acquisi7

. . . - e . "
which arc: characteristic of large libraries. Some, but certainly a sMall

part, of direct library expense does vary directly with usage, as in the

operation of reserve book rooms where items circulate with a very high

frenuenty.-If it ii Valid tO COnsider storage system costs as being

represented-by the parameters kl and k2 , only, then it would seem

worthwhile to consider the eQst parameter k
3 as being representative

_

of the cOACIto the user 'in obtaining information from the system. Equa-

tions (0) or (14) would then represent the combihed total cost to both
e

the patron and the Storage System for'ProViding uses from an item, and
. ,.__,the decision rule would determine the holding.time which minimizes the

'combined average cost per use.
.

An alternative interpretation would be to consider the user cost, k
3 9

as a monetary estimate of the benefit to the user for his effort in using

tiie item, under.the assumption. that .the.user choosei among alternative

sources in sUch a Way as to eventUally equate benefits With costs mn. the



average. Under this interpretation, it would be appropriate to exclude

k
3

from the equations and compare the marginal and average costs-with

the parameter ki . The decision rule for holding time would be the same:

but if it yielded a minimum average cost which is less than k3 , that ieu

if the benefit/cost ratio is greater than-one, there would be an indicatiO4

that the system is not operating at an optimal level of service and should

'be expanded beyond the point of minimum average cost. This interpretation :

seems to be in linemith the arguthents of R. L. Meier [1961], who found

that university libraries were operating in a range where the average cost

per unit of service was the same as the aVerage cost to a student patron.

however, he also fOund that the aVerage cost to a faculty patron was much

higher than the library cost figure, and that thia situation was disoourag"..

ing faculty patrOnage. He concluded that'libraries should expand their,

services and absorb more of the faculty usage cost so as to obtain a riet

Increase in total benefit to themniversity.

The model and policy advocated here and its accompanying speculation

have not been fully tested by either analytic methods or by comparison with

empirical data. They are offered as an .alternative approach to the.

rational-management of-large library-type7-informationatorage systet0.
-

ConstructiVe criticisms are invited.. Although this model has been

developed in the context of large reSearch libraries, there is no eV1-dent

reason why its line of-argument would not be directly applicable to other,

types of information storage syStems.
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A MATHEMATICAL MODEL OF A HIERARCHICAL LIBRARYR

SYSTEM

I. Woodburn
University of Lancaster

Summary

This report describes a mathematical model for a hierarchical library-
_system in which books, journals, etc. are stored at different levels.

It -illustrates by means of a simplified example how such a model can be
used to design an efficient library system.

The material is presented in the context of a library system for the
universities.

The work described in this paper forms part of the 'Systems analysis of
a university library' project at the University of Lancaster Library and
was supported by a grant from the Office of Scientific and Technical
Information.
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Introduction

The library user at a university obtains information from books, etc. stored at
several points in a hierarchical system. In the majority of cases this system has four

levels:
(1) a personal collection
(2) a departmental library
(3) a university library
(4), other university libraries and national libraries

Because material is more accessible at the lower levels (i. e. personal collections
and departmental libraries) it is reasonable to suppose that, from the point of view of
the individual, the best system at a given cost is one in which the most-used material be-
longs to his personal collection and so on by degrees until the least-used material is held
at national level.

Although a personal library is established for the benefit of one individual, a
departmental library must cater for demands from all its members. In practice.it must
cater for the sum of the residual demands from its members since some of their demands
will have been met from their own collections. Similarly a university library must cater
for the sum of the residual demands from all members of all its departments and a nat-
ional library for the sum of residual demands from all universities.

This principle, the principle of residual demand, has been used to establish a
simple mathematical model for a hierarchical library system. The model will be-des-
cribed in mathematical terms and its use will be illustrated by means of a simplified but
realistic example.
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2. THE BASIC MODEL

-Consider a library system which has four levels of storage:-

--(1) Personal libraries
(2) Departmental libraries
(3) University libraries
(4) a National library

Let M be the total number of titles to be stored in the system, and let N be the

total number of users of the system.

Let rijkl be the expected number of demands in a specified period of time (e. g. one

year) for the ith title from the jth user belonging to the kth department of the 11h uni-

versity.

Considering each storage level in turn:-

(1) Personal library: we assume that personal libraries hold all titles i for which

jkl
rx

NB rIt is the marginal level of demand below which the title is not held (for sim-

plicity it is the same for all titles)

(2) Departmental library: let r.id. 130.. the expected number of demands for the ith

title from all members of the kth department of the 11h university.

Then applying the principle of residual demand we have

at the personal library

,
We assume that departmental libraries hold all titles i for which

r.k1

NB rxx is the marginal level of demand belaw which the title is not held and it is

the same for all titles.

(3) University library:

Let r..1 be the expected number of demands for the ith title from all members of

all departments of the 1th universi
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Then applying the principle of residual demand we have

ri ri.. I

where
level.

i i'.kl 0 if rkl Xits.r at the departmental library

We assume that University libraries hold all titles i for which

ri XXX

r
NB rxxx is the marginal level of demand below which the title is not held and it is

the same for all titles.

(4) National library: at this stage we have a choice, we can insist that the national

library holds all titles or we can define rXXXX to be the marginal level of demand below

which the title is not held and apply the principle of residual demand to discover which

titles should not be stored at the national level. The first assumption seems more ap-
c-

propriate and as the costs of duplication are small we assume that the national library

holds all M titles.

At this stage it should be evident that the marginal levels of demand rx, rmi and

rxxx constitute a storage policy for the system - if we change their values then we
change the pattern of storage and also the way in which demands are satisfied. For any

particular policy we can calculate the number of titles stored at each level and also the
total number of demands satisfied from each level, and the total cost of providing the

xx xxx- xxxxservice can be calculated. Also if we define t t , t and t to be the average

times of access to material stored at personal, departmental, university and national
levels respectively, then we can calculate the overall average time of access to the
system.

One simplification that has been made at the outset is that material can only be
transferred between libraries at distinct levels in the system e.g. inter University
library loans are treated as loans from a national library as far as cost and access
times are concerned.

If we wish tb compare two storage policies then we select two sets of values for
the marginal levels of demand and simulate the operation of each system for a fixed
pattern of expected demands r The total cost and overall average access times for
each system can then be compared.

_ z 'L..: 1 z .: 11 T.. 4; Vs.,*
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example which highlights the information that is required before systems of this kind can

be viewed objectively.

Z. 1. Application of the model
- 'r

There are about 50 Universities with an average of-30 departments per University

and a grand total of 250, 000 staff and students. It is most unlikely that the expected

demand for each title from each of the 250, 000 users can be measured and an alternative

approach is necessary. Personal libraries are excluded from the illustrative example

so that the basic quantities required are the ri. i. e. the summed residual demands

for the ith title from all members of the kth department of the lth university.

Even so there are about 7 million titles held by the British Museum library at the

present time and it is most unlikely that the expected demands for each of these titles

can ever be measured. Therefore in the example the number of titles that has been con-

sidered is restricted to what might be called "the most used scientific journals in the

early 1.950's".

The data that has been used to represent the quantities ri. kl
has been taken from the

book by C. H. Brown Scientific Serials (ACRL monograph, 16) Chicago, ACRL. 1956.

In the course of Brown's study he produces a consolidated alphabetical list of the 61.2 most

frequently cited scientific serials classified according to the source journals in eight

subject fields. The subject fields together with the total number of journals cited and

the total number of citations are listed in Table 1.

Table 1.

No. journals cited No. citations

(1) Mathematics 1.79 3348

(2) Physic s 320 9596

(3) Chemistry 275 1.0518

(4) Geology 490 2913

(5) Physiology 299 5984

(6) Botany, 376 4995

(7) Zoology 663 2775

(8) Entomology 350 2326

TOTAL 2952 42455

The figure of 2925 journals cited includes some duplication but the necessary data

is not recorded. However it is known that there were a total of 828 journals cited five

LAIn_a
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or more times and that these figures refer to the 612 distinct titles in the consolidated

list. It has been assumed in the exercise that there is no overlap in the less cited

journals e. they are classified into one subject heading only. This implies that 2925 -
_-

828 + 612 = 2736 distinct journals were cited a total of 42455 times.

The degree of overlap of the 2736 cited journals can be measured by the number

cited in 1, 2, 3 etc. subject fields. The complete

Table 2

distribution is contained in Table 2.

No. journals citedNo. subject fields
1 261.7

2 67

3 34

4 6

5 4

6 4

7 2

8 2
2736

The apparent.lack of overlap in the basic. ' '3 to explain the large part

.played by departmental libraries in the ensuing

The basic data for the simulation exercise is the array of numbers listed by Brown

on pages 143-154 of his book, and the first ten rows of the array are reproduced in
Table 3 for the purpose of illustration.

Acad. Med. Be lg. Bull.
Acad. Be lg. Cl. Sci. Bull
Acad. Sci. Paris, C. R.
Acad. Nat. Sci. Philad. ,
Acad. Lincei, Mem.
Acad. Lincei, R.
Acoust. Soc. Amer. ,
Acta chern. scand.
Acta cryst., Camb.
Acta Hort. berg.

In this eXercise the. array' representS4.11e-:: quint ',.:With'ihe index running. .
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over the 612 journals (or more accurately, the 2736 journals). The subject fields re-
present the departments i. e. k 1, 2, 3, , 8.

For the sake of extreme simplicity it has been assumed that the library system 111.11E.

cater for 50 identical universities, each with 8 departments, and with identical demands
for each of 2736 titles i. e.

- constant for all 1. lcl

Since the degree of overlap in expected demands is more important to the design of
an efficient storage system, this simplification is not critical.

The time period is considered to be one year so that 42455 demands are made in
one year for 2736 titles at each of 50 Universities.

Another simplification has been made in defining alternative storage policies for
the system, namely that the marginal levels of demand are equal at each level of storage
i. xxxe. rxx r . In order to provide a wide range of results the levels that have been
investigated are 5000, 2000, 1000, 500, 200, 100, 50, 20, 10 and 5 demands per annum.

Table 4 contains the number of titles stored and the number of requests satisfied
from each storage level for each of these marginal levels of demand, The results apply. .

to each of the 50 universities.
Table 4

Storage level
Marginal Departmental University
level of Titles . Requests . Titles . Requests
demand

5000

2000

1000

500

200

100

50

20

10

5

. NIL

2 -.

3

7

38

68

135

308

568

=12

NIL

5606

6762

9876

18551

22667

27409

32544

36022

37834 I

National
Titles RequestE,

2736 42455

2736 36849

2736 35693

2736 29474

2736 20964

2736 1.7459

2736 12E77

2736 6-7ZEs

2736 63136

2736 4621

2. 2. Operatmg costs
We assume that each and that the unit co
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of the pair of transactions is 1/- from whatever storage levet that the demand is satis-

fied.

In Addition a transfer charge is included for all demands satisfied from the national

level, this covers postage and packing and a handling charge. It is not a fixed unit cost

since economies of scale are important. A curve has been drawn for which the unit cost

is 15/- when there are 150, 000 loans per annum, 10/- when there are 460, 000 loans per

annum, and when there are more than 2, 000, 000 loans per annum.

At this stage another simplification has been achieved by assuming that a single

copy of each journal is sufficient to-provide an adequate standard of service so far as the

"immediate" availability of material is concerned.

These unit costs have been used to derive the following table of operating costs for

the system as a whole.

Table 5

Marginal level
of demand

:.

Purchase

Costs
Issue

( £. per annum)

Transfer TOTAL

5000 41, 040 1.06, 1.38 530, 688 677, 866

2000 42, 540 106, 1.38 460, 612 609, 290

1000 43, 290 1.06, 1.38 446, 162 595, 590

500 49, 290 1.06, 138 386, 846 542, 274

20G 77, 040 1.06, 1.38 327, 562 510, 740

100 104, 040 106, 138 290, 983 501, 1.61.
l

50 164, 790 106, 1.38 265, 588. 536, 516

20 304, 90 1.06, 1.38 223, 578 634, 006

10 473, 7 0 106, 138 1.89, 180 769, 108
N

5 500, 040 106, 138 1.55, 959 762, 1.37

The minimum operating cost is associated with the marginal level of Command of 1.00

which, on re-erring back to Table 4, is equivalent to a 40% level of loans from the

national libra.7.- (i. e. 40% of to.,.1 loans are Satisfied from tae nationa libra,--ny In

fact costs do t. vary greatly over the range 30-50% national library loans.

2. 3. Access times

So far the only costs that have been considered are the costs of providing the service.

We now go on to consider the costs that are incurred by'the user and we begin by defining
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average times of access. These times are associated with the time it takes to obtain a

book cr a journal after the need for it has been recognised.

Times assumed are:-
0. 1 hours from a departmental library
0.5 hours from a University library
12 hours from a national library

1(this last estimate represents 1.2. working days).

The Overall average access times for the total number of demands are calculated

from the results listed in Table 4 fo be:

Marginal level
of demand

5000

2000

1000

500

Table 6

Overall average
access times (hours)

12

10. 4

10. 0

8. 4

ZOO 6.0

100 5.0
50 3.'7

20 2. 5

10 1. 9

5 1. 4

2.4,, User costs-

Total. annual
ope:r.ng costs (£.)

67 , 866

609, 290

595, 590
52., 274
51.D. 740

Faq -161

.536 516
634 006
WO, .108

Tthz,, 137

At this stage we have attempted to cost users' time in money terms so LILimn over-

all assessment of different storage policies can be made. However, becarmseof the

difficulties n estimating such costs it has been necessary to propose a hurrriim-,r of alter-

native co:Air and examine the consequences of these. The costs that we:me selectled

are:-
40/-

1.

4 /- -1..)er hour

(additional unit costs are considered In a later section of this report)

In order not to penalise the national library unfairly, the access tima.:...r costing

11'4



purposes was reduced to 1 hour (i.e. two visits to the UniverSity Library) since it is

reasonable to assume that the remainder of the 1.2 hours wait would be used profitably.

The total access times for all demands from each university based on this revised

figure, the annual user cost, the annual operating cost and the grant total cost are listed

in Tables 7 and 8 for unit user costs of 40/- per hour and 4/- per hour respectively.

Table 7

Marginal
of demand

User cost 40/L: per hour

level Total access
time (hours)
each univ. 'user

Costs ( £ per annum)

operating
grand
total

5000 42, 455 4, 245, 500 677, 866 4, 923, 366

2000 37, 409.6 3, 740, 960 609, 290 4, 350, 250

1.000 36, 369. 2 3, 636, 920 595, 590 4, 232, 51.0

500 32, 014.1 3, 201, 410 542, 274 3, 743, 684

200 24, 289.1 2, 428, 91.0 510, 740 2, 939, 650

1.00 20, 890. 2 2, 089, 020 501., 161 2, 590, 181

50 16, 70214 1, 670, 240 536, 516 2, 206, 756

20 12, 572.4 1, 257, 240 634, 006 1, 891, 246

1.0 9, 971. 7 997, 1.70 769, 108 1, 766, 278

5 8, 404.4 840, 440 762, 137 1, 602, 577

User cost 4

Marginal level
of demand

50-Do

zoao

tam
.:.5-0

ZO 0

ED_

ZO

- per hour

Table 8 .

kkontoot(cx.focpxxx..;axceno*

Costs ( £ per annum)
Operating

677, 866

609, 290

User

424, 550

374, 096

363, 692

320, 141

242, 891

208, 902

167, 024

125, 724

9, 717

595, 590

542, 274

510, 740

501, 161

536, 516

634, 006

769, 108

7 2, 137

Grand total

1, 102, 416

983, 386

959, 282

862, 415

753, 631

710, 063

703, 540 3e

759, 730

868, 825

846, 1.81



The effect of including user.costs is to reduce the Dart played by thc

If the user cost i s 4/- per hour tbc;a ahout 30% of loans should be salisfied

national level, but if it is 40/- per hour then less then 10% of h-lar..s should bc

from this level.

3. EXTENSIONS OF THE MODEL

3.1. Elasticity of Demand

One feature that has beeo excluded concens the vedi_iction in demand wirli cc.,Lurs

when material is not readily accessible. For example, an indvidual who 1.;as dotL.,d de-

partmental library facilities wili think twice about visiting the lil:Iveraity ltbrar o obtain

a book or a jourhaL

lt.is quite easy to introduce. a factor for this eiasticdty in demand for anh. izz:).rage

level which would have the effect of reducing the summed residual doraands to be colleted

for at higher storage levels. It would also be possible to conclude a total cost analysis of

alternative storage policies provided dint the "lost" information could be valued in money

terms.

4. CONCLUSIONS

The intention of this report has been to describe a simple model of a hierarchical

library system which can be used as a basis for further discussion.

It is stressed that the reStilts which. have been obtained are fictitious because accurate

data is not available at the present time to permit a genuine enquiry into storage polioieL.,.

The example haS onlyserved to highlight those areas in which data is needed before a

woper study can be undertaken..

The most Pressing requirement is fa.: the developm,of techniques zo measure the

: ,expected demands for books rend journals. a is poissiblethat the only way c treat books

is.to consider them as small collectionsin which they lose their individual identities, the

size of the collections would be very dependent -rn the amount of detail. intrad.uced into

subject classification. Even so it is likely that ex:ected demands would ha'fe to be generate

from a sthall amount of data about overlap thi subject fields_ Such informacion will not be-

come readily available until library record.L are handled b'. computers.

It is also possible that, as in the example contained iai this report, 1:-.-ffsona___ libraries

should be ignored since they require too mach information about the demanIfs of individuals.

5. REFERENCES 143
Brown Scientific Serials (ACRL m7,nograph, lq Chicago, ACRL, -1956.



Discussion

There was a discussion on the relative merits of the two formulations of the
Bradford distribution as derived by Professor Leimkuhler and Mr. Brookes:

R(n) = R log (1.+an-a) Leimkuhler (1.)

R(n) K log n Brookes (2)

where R(n) is the cumulated number of references in the first n journals,
ranked in decreasing order of productivity, K, R and a are constants.

Mr. Dammers said that although Professor Leimkuhler's formula would appear
to be more accurate, Mr. Brookes' version was operationally more useful in lthraries.

When asked if he had investigated computer storage, Mr. Woodburn replied
that he had not, and that the main difficulty of his model was that it relied on data
which would never be available. He thought that the model should be regarded as
a guide to visualising an hierarchical library system, with libraries higher up in
the system dealing with a residual demand.

Mr. Fairthorne, comparing multi-level access and linear access, said that
e former was always quicker than the latter, provided the store was large enough,

because the linear access time was proportional to the size of the collection. Mr.
Mackenzie remarked that speed was not always directly related to cost. Mr.
Dammers said that in the computer field the access time tended to be approximately
inversely proportional to the cost of storage. Mr. Buckland pointed out that there
were differences between computer access an e! access to libraries: in linear access
to computers the whole tape was searched, but in linear access to libraries there
was a human element to be considered. Thus if a reader searched for an item in a
departmental library and found that it was not there he would go on to search in the
university lthrary; however when he wanted the same itorn again la Juld remember
that it was not in the departmental library, and he would go straight to the university
library. Another factor was that he 1-11i-4-t. stop searching at the departmental lthrary
level and not go on to the next stage, so that a cost would have been incurred with-
out any resulting benefit.

Professor Leimkuhler was asked if La his model he had established a relation-
ship between the. cost of ordering an item and the cost to the user if the item was not
ordered; he replied that it had not been possible to incorporate this in his model.

Mr. Fulford asked if the figures for the space saved by shelving books in dif-
ferent sequences, with each sequence :-.01 "1g- on the height of the books, could
be applied to any library. Professor Leimlauhler replied that his model had a
general application, and lie gave some fig-tines showing the percentage increase in
storage capacity gained by dividing-the books into-various sequences. The per-
centage increase gained by division into 2, 3 , 4, 5 10 sequences was 38%, 47%
51%, 53% ... 58% respectively. He pointed out that, most libraries have an over-
size sequence, which is a division into two sequences, with a corresponding increase
in capacity of 38%. Mr. Mackenzie ObServed that it was difficult enough io educate
readers to use only two sequences, and that more would merely add to their confusion.

Mr. Mackenzie said that when planning a library it was important to take into
account the future developments in technology. Ela building was going to stay up for

144
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100 years great flexibility was needed so that it could be adapted to meet the
changes in technology during that period. Mr. Brookes suggested that perhaps
libraries should be built to last for a much shorter time, e.g. 20 years, and
then pulled down for a new one to be built. Dr. Thompson said that construction
techniques were so far unable to produce such a building at an economic price; Mr.
Longworth added that Lancashire had tried building temporary libraries 20 years
ago and they were not much cheaper than conventional ones. Dr. Urquhart said
that the administration tended to become fossilized as well as the buildtng, and
this might represent a larger cost than the physical limitations imposed by the
building. Mr. Fairthorne said that every administration had to adapt itself to the
geography of the building which it was in.

References:
1) Leimkuhler,. F., F. The Bradford distrthution.' rjollrnal of Documentation, vol..

23, :nO. 3.; 1967, pi 197-207.
2) Brooke's, 13.C. The derivaiion and appliaation of the Bradford-Zipf distribution.

Journal 6f:Dqcnnientatica, voL 24, no.4, 1968, p.247-259.
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1. INTRODUCTION

Every library has a loan policy, even if that policy is that no books may
be borrowed. Libraries which do lend have widely varying loan periods from
two hours to a year or more. Most libraries, especially university libraries,
operate a number of loan policies simultaneously based on a variety of factors
including the type of document, its value, its popularity and the status of the
borrower. For example, in the University of Sussex there are five loan
periods:

i. Some material is confined to the library;
Some material is placed in a closed-access 'Short Loan' collection
and may be borrowed for up to four hours or overnight;
Some material may be borrowed for up to two days;

iv. Undergraduates may borrow the remaining material for two weeks;

v. Postgraduates and teaching staff may borrow remaining materials
until the end of term.

Likewise, there is much variation in the regulations concerning renewals,
reservations and recalls, in the maximum number of books that may be on loan
to any one borrower at any one time and in the sanctions imposed upon borrowers
who break the regulations. These variations exist between libraries and often
within libraries.

Not only is there wide variation, but changes are frequently made. In
view of wide variation and the central importance of loan policies to the user,
the problem of choicing loan policies has been curiously neglected in the pro-
fessional literature - except for rather limited discussions of the 'conflict
between reference and lending'.

2, THE FACTORS INVOLVED

The main purpose of a library is to make books (and other documents)
available for the clienthle it serves. Unfortunately 'availability' is a rather
complex concept and considerations of economy and of the convenience of the
user lead to a tangle of conflicting objectives. These can conveniently be ex-
amined by considering the various aspects of a library's loan policy.

2.1. LOAN PERIOD

The longer the loan period the more convenient it is for the borrower to
use the book at leisure. However, the longer the time a book stays out on loan,
the longer it is off the shelf and, thereby, less immediately available for other
library users. There is a clear conflict here between the convenience of the
individual borrower and the convenience of other library users who might wish
to use the book. The chances that another reader will in fact wish to use the
book when it is out will depend upon the level of demand for the book. It would
obviously cause inconvenience if a book sought daily were to go out on loan for
weeks at a time. On the other hand, if a book is rarely used (once a decade,
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say) then the chances of another user wanting it are small and a longer loan period
can be permitted. Not only do books vary greatly in popularity, but the popu-
larity of individual books is liable to fluctuate, although a general tendency for it
to decline with time is well established.

2. 2. RENEWAL OF LOAN

If a reader wishes to retain a book on loan after the expiration of the official
loan period, then it is normal practice to permit one, two or even unlimited re-
newals unless another reader has made a reservation for that particular book.
The frequency of renewal is important because it is the time that a book is absent
from the shelves ('immediate availability') which matters rather than the official
loan period.

2. 3, RESERVATION AND RECALL

If a book is not on the shelf it can still be made available by means of a
reservation and, if appropriate, recalling it from the reader who has it. To
the extent to which this is an acceptable substitute for availability on the shelf,
this arrangement reduces the importance of 'immediate availabilit-0 and there-
by permits longer loan periods and less duplication.

Acceptability apart, this procedure of reservation is clearly unsuitable
for those who are not seeking a specific title but are browsing perhaps purpose-
fully for information on a specific topic or less purposefully for inspiration or
amusement. If such a reader is browsing along the shelves, then it is clearly
important that material should be on the shelves, else the reader will remain
unaware of its existence and the provision of a mechanism for reservation and
recall will be irrelevant. If such a reader browses in a catalogue or biblio-
graphy, then he will presumably identify, particular items which he desires to
inspect and his search becomes specific. In this case reservation and recall
facilities become meaningful, but inspection of catalogue entries is less in-
formative than inspection of the actual document.

2. 4. DUPLICATION

So far we have been concerned with the case of there being a single copy
of each different book and the effect of loan policies on the convenience of the
users with respect to that book. Obviously, there is no need to enforce a short
loan period to induce borrowers to return a book for the benefit of others if
other copies are in fact available for them. In this manner, shortening of the
loan period and duplication are alternative methods of increasing the availa-
bility of books in libraries. It must be stressed, however, that these alter-
natives differ in some important respects. The acquisition, processing, and
storage of each additional copy of a book costs money and labour which could
well be put to bther uses, such as another different book or any other library
service, and to this extent duplication is undesirable. The shortening of the
loan period and the restricting of renewals, however, are likely to cause
additional inconvenience to the borrower and to this extent are undesirable.
Furthermore, the shortening of loan periods is likely to involve additional ad-
ministrative expenditure.



2. 5. ADMINISTRATION

Apart from considerations of availability and the cost of duplication, the
cost of administering a loan policy must also be considered. A short loan
period might be expected to result in a larger number of renewals. A low level
of immediate availability (whether by long loan periods or limitation of dup-
lication) is likely to be associated with larger number of reservations and re-
calls. A policy decision to maintain a borrowers file either as a service to
readers or as a means of enforcing a limitation on borrowing will also involve
additional expenditure.

A recent trend in British university libraries towards an "until the end of
term" type of loan period seems to have been at least partly the result of a
desire to economise on service desk staff by avoiding the necessity for a file
arranged by date and reducing the number of renewals.

In addition, distinctions between borrowers and especially between books
(e.g. when the more popUlar books are treated differently from less popular
books) are likely to involve extra administrative expense.

However, although the loan policies will affect the number of transactions
of various kinds, the unit costs will depend very much on the details of the issue
system employed, which is outside the scope of this paper,

2.6. STATUS OF BORROWER

In some libraries the loan policies give privileged rights to some users -
not just in exceptional circumstances, but as a normal practice. In university
libraries, for example, teaching staff are almost invariably subject to a longer
loan period and a higher limitation on the number of books allowed out at any
given time. One explanation of this, is that books used by students are in
heavy demand and that, therefore, a shorter period of loan is more appropriate.
Another explanation is that teaching staff are more important.

2. 7. FINES

The principal method of enforcing loan policieS is the charging of fines
which also vary considerably from library to library. The assumption is that
fines are necessary to ensure compliance with regulations. Unfortunately, the
relationship between fines and borrower behaViour has not, to our knowledge,
been subject to serious investigation a& lacmc.- this assumption must remain
doubtful.

2. 8. SUMMARY

It will be clear from the preceding sections that wide variations in loan
and duplication policies reflect complicated relationships involving a number of
conflicting objectives. Any rational loan policy must be a considered comprom-
ise,.

During the University of Lancaster Library's recent research into the



application of operational research techniques to library problems, the ciari-
fication and measurement of these relationships have been examined and this
spring the Librarian requested the authors to appraise this library's loan
policies and to prepare recommendations for the university's Library Committee
concerning what changes,if any, should be made. The rest of this paper out-
lines this work,

3. THE BASIC RELATIONSHIP

3.1. A SINGLE TITLE

The most convenient measure of the availability of a library book is the
proportion of times that it is immediately available on the shelf when sought.
This can be exiiressed as a percentage, thus:

no. of times immediately available when sought s
no. of times shought% immediate availability -

Apart from the number of copies held, the two critical factors det-
ermining the immediate availability are:

(i) the frequency with which the book is sought (its 'popularity'); and
(ii) the length of time it is off the shelves when in use.

For any given level of demand, the book will become more often available
if users can be induced to return it to the shelves more quickly. This is the
one justification for /reference' libraries where no borrowing is permitted and
so the time a book is absent from the shelves is a matter of hours not weeks.

For any given pattern of return times (the time the book is off the shelf)
the availability will depend upon the level of demand. A.rarely requested book
is more likely to be available when sought than a book which is frequently re-
quested.

Obviously the number of copies held is also, very important in determining
whether a cow will be available when sought.

The chances of an unsuccessful library user making a reservation is also
important because a reservation will delay the book's return to the shelves.

3, 2. MONTE CARLO SIMULATION

In exploring these relationships we have used a technique known as Monte
Carlo simulation, Other workers have employed queuing theory and other
stochastic procss rf is an extended discussion of the application of
these forme- I ae t y problems (especially loan policies and duplication)
reference should be made to the recent book ?y Professor P. M. Morse entitled
Library effectiveness: a systems approach.

The simulation approach has certain advantages over the more strictly
mathematical treatments. For example, it allows greater freedom in the
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assumptions that can be made and hence has greater facility in handling 'complex
relationships. A description of the borrowing proceas is fed into the computer.
The description currently in use is shown in Figure i on page 6. In adidirdon,
some numerical data is also required, which dercnes, for eXample, the =umber
of copies, ratio of borrowing to reference (in-library) use and the probattitEy
that an unsatisfied user will make a reservation. The computer perforium
borrowing process several thousands of times, keeps a record of significw-7
events, and then reports the result.

real life, accurate predictions are often not possible. For exar.30,,,
it 3,.-7 mot possible to state with confidence whether the next reader will Ube
book a: .the library or borrow it. Also it is not passible to state precisel
adersac how soon the book will be returned to the shelves. However, dura_zorcn
be ^-oireacted which shows what the overall pattern is In the long run. S'i-7774Thrr---.-

the 23rwuter deterrnines such problems by pickingrumbers at random -
by rmlateg dice (hence thename Monte Carlo simultation). Each possible TrITtrr_oter
will had a. particular answer associated with itand this association of
numbers andartswers will have been pre-arranged so that in the long te=o
overall pattem will correspond to the.overall pattern of the system beina--sim,t
lat

In this manner it is possible to simulate situations of great complexity
so Long as the situation can be described in logical .and probabilistic terms..
In ander to assess the effect of a change in. a situation, a simulation of the
actual current situation is designed and carried out. The simulation results ,*11".
if the simulation is valid, correspond to the actual current results. Anorbe:r
simulation is then performed incorporating the proposed change and the result:s
indicate in detail the likely consequences of the proposed change. An imporettat
feature. of this technique is that it is possible to examine how sensitive the
systeitr being simulated is to particular changes. For a fuller description-Of
Monte Carlo simulation the interested reader should refei to the appropriate
textbooks, such as K. D. Tocher: The art of simulation. Before describirag
in detail the results of our simulations, two other relationships need to beeem
emitted.

3. 3. THE RELATIONSHIP BETWEEN ACTUAL LENGTH OF LOAN AND OFFICIAL
LOAN PERIOD

Regulations concerning loan periods are, in effect, a control device at
the disposal of the librarian for influencing the movement and thereby the
availability of the books in his charge. It would, therefore, seem important
to examine the nature otthis influence..

At first sight the factors which seem likely to affect the length of time art-
both numerous and varied: the subject, the level and the type of the book; the
subject background, the work habits and the motivation of the borrower; the
lhottaand and one pbssible distractions which might affect his behaV;otir fiat-
cluding recall notices); arm the ofEicial loan, period. It a sinaationtwht... re the
far:tors involveel are off such complexity, one would expect books to be returned
as if at =dom. - of all books borrowed on a given day a small percentage of
those soll our-twin returned each day.- with perhaps a small peak At the
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exptration of the loan period. In order to test this hypothesis data relating to
a variety of Roan policies in a number of university libraries were examined
as fnitlows:

rtr. week
Two weeks

Four -weeks

7en wsks
:End of 1-rtn

of-yeam-

Manchester
3Michigan, Strathclyde, Sussex

3Manchester, Michigan, Strathclyde
Strathclyde

Lancaster ) An entire year's discharged
issue slips permitted a varietyLancaster )) of analyses to be made.

At none cof these libraries is a limitation on the number of books allowed
out rigorously- enforced. (We have no information about Michigan in this respect).

The .na.e.= -which emerged consistently is that there is a very strong
tendency fez' rmoks to be returned or renewed at the expiration of the official
loan period --whatever the length of the loan period may be. Only with com-
parativly i.g loloa periods - longer than four weeks - is a substantial amount
of material returrred before the due date and here the expected negative exponen-
tial patt&zrn eliaergs. (See Fig. 2 on page 9).

3. 5. LGAN ERiQDS AND RENEWALS

A further analysis was made to see whether shorter loan periods -were
associated with. ihicreased renewals. The results (Table 1 on page 10) show that
the proportinaof _books renewed one or more times varies little over a range
of loan periods.

With two exceptions the results appear to be comparable - the reader presents
the book at the Service Desk and requests a renewal. The two exceptions are the
teaching staiSf.mt Manchester where the loans are automatically renewed on dates
determined by-rhe borrower's surname and undergraduate two-week borrowing at
Sussex where-only one renewal is permitted and that requires rather more effort on
the user's part.

APPLICATION

4.1.. SIMULATION

Our present simulation model, described above, requires the following
information;

1. The number of demands to be simulated;
The number of copies of the book;

3. The manrimuan allowable number of reservations per book;
4. The paUe.,--m of demand as expressed by the intervals between requests;
5. The ratio of borrowing to reference use;

154:
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LO2-...N PE-7-1.0Ds No. of Wants
analysi

i 0

FREQUENCY OF RENEWAL
%

1 2 3 4 5+

21.1.5 67 19 7 4 1 2

1. wott±.K:

Undiergra....-7,'
at 3n2CrlCheStEr

888

1208

1096

78

83

81.

..i...' 1

,' ..,

1-L.

3

2

1.3

3

1.

2

1

0. 8

1.

2

0. 6

2

a witEKS:

Undergraduates
at Strathclyde
- Science
- Non-Science

- Combined

4 WEEIZ:

307

510

483

993

--,,

7IR

81.

76

17

12

10

tl.

6

6

4
5

2

4

5

4

2

2

0. 2

1

3

6

(0. 2

3

iManche tter

at Strathclyde

- S=ienizce

Nitim-Se,2.Aenm
1

( - Comtuiresa

TABLE4t ..--equency of renewal in .relation to tkezofficial loan period. The
data tram Strztrliclyde, which esacludes journals, 'rims regarded as 1Science, if
it hadbeencingskified in U. D.C. 'classes 5 or 6. 'Ilizihr,detience, data refers t'
tiro remaining classes_



6. A loan policy as defined by the retzara7nmes;
7. The propartior of unsatisfied users who .make reservations;
8. The delays invailved.-ti. recalls..

The conrpmer- rew,rts the following results:

For reference:

a_ The number of :-Pfe.-...m.ce demands made;
b. The percentage f satisfied reference demands.

For Loan:

a. The number of-loar demands made;
b. The percenr_age of sVisfied loan. &manes;
c. The level of-in=neddate availability (1. e. the percentage of demands satisfied

immediately);
d. The pattern of delays experienced following reservation.

The loanable stack of the University of Lancaster Library (excluding the
closed access Short Loan collection of very heavily used text baoks) was then
analysed by examining borrowing histories- The result is shown in Table 2.
This pattern lends amppart to the hypothesis thatthe library's books are subject
to demands approximating the Zipf's law distribution. 4

No. of issues per annum 0 1. 2 3 4 5 6 7 8 9 10

Frequency 375 168 103 43 40 1.5 6 2 1. 1 1

% 50 22 i4 6 5 2 1 - - - -

TABLE 2: AnaLysis of borrowing..histazies 11967-1.968. Out of a random sample
of 876, 757 we analysed and 1:1.9 were.either missing or on loan.

Far simulan'Ion exoterfients six popelarity, ,Classes were considered:
plopn-ritv being measnretd by the nutnbof demands per time period (T) as
follows;

Poptdarity class

No.. of borrowing
demands per time
period "T

A B C,

4-1-1- 3* - 4i 1.1 21 1 - 0 -

By avtempting to fit yacrons demand distributions to the borrowing history data
pruvortion of books in each popularity class was determined, where T is one

year tor fliP Lancaster collection.
The simulation results gave the inuinedriate availability to be associated with

each combinintion of loan policy and popularity level. Subsequent calculations
determinted watt-pus-parameters for the collection as a whole (as described below).

Table 3 on page 1.2 illustrates the results of a particular .simulation experiment.

157
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4, 2. ANALYSIS

In examining this matter more closely three measures of effectiveness were
employed.

"Immediate Availability": The probability that a request for a given book will be
satisfied immediately, i. e. the probability that a book is on the shelves.

"Satisfaction Level": In a given time period the proportion of demands immed-
iately satisfied. All demand, that is, not just demands for one individual title
only. This appears to be the most useful single measure of library effectiveness.
It is not the same as mean immediate availability.

"Collection Bias": Commonly the most strongly recommended books are removed
to a closed access reserve collection and many of the other more popular books
will be out on loan. Consequently a reader who seeks for material on a given
subject is faced by an array which systematically tends towards the least popular,
the least recommended and the most shunned material. We define this tendency
as a "negative bias" and one convenient measure of it is the proportion of the W%
most popular books which are absent from the shelves.

We consider that, subject to considerations of user convenience, a good
library should have a high Satisfaction Level and a low Collection Bias. Beyond
this, however, it is very difficult to justify any specific Satisfaction Level or
Collection Bias until more is known about the effect of each on the library behaviour
of users. Clearly, a reference-only library would rate well on both measures,
but this entirely neglects out-of-binding use, which is generally regarded as
desirable.

Analysis of the simulation results in relation to the University of Lancaster
Library resulted in an estimated Collection Bias of 45% These estimates were
derived as follows. Given that a demand distribution for the library has been
estimated, it is possible to calculate the probability that a demand (occurring
at random) will be for a book within a particular popularity class. If this prob-
ability is multiplied by the immediate availability of the popularity class (obtained
from the simulation results), then the product is the probability that the next
demand will be for a book within a particular popularity and satisfied. The
Satisfaction Level for the collection as a whole is the sum of these products for the
six popularity classes. The Collection Bias can be calculated directly from the
immediate availability of the most popular 10 per cent of the collection. It is
simply 1 - immediate availability. A check on these estimates was made by
comparing a prediction of the number of books out on loan at the mid-point of
the 1967-68 session (to which all data refer) derived from the above analysis
with a separate analysis based on issue records and discharged issue slips.

The loan simulation was then employed to predict the likely consequences
of various different policies. Three main courses of action emerged. One was
that there should be no change in loan policy, but selective duplication. Another
was that there should be no change in loan policies for staff or postgraduates, but
a two week loan period for undergraduates. However, since the problem stems
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from a small proportion of very popular books, the policy finally adopted was
to restrict the loan period for these books only, regardless of the status of the
borrower. One of the advantages of a variable loan policy of this type is that a
library can be adjusted to any reasonable Satisfaction level or Collection bias
by varying the definitions of popularity. Furthermore, with any given definitions,
the library would be self-adjusting as the pattern of demand changes. The moni-
toring of the library stock in order to assess the popularity provides the basic
data necessary for the management of the loan policy and also yields information
of value for efficient selective duplication.

The policy approved by the University is as follows;

(a) For the 10% most popular books the loan period should be one week (- an __
estimated 70% of issues);
(b) For all other books the loan period should be until the end of term.

Using the methodology outlined above, we estimate that this policy will give a
Satisfaction level of 85% (an increase by 40%) and a Collection bias of 10%.

4. 3. IDENTIFICATION OF POPULAR BOOKS

The only data which is readily available concerning the use of individual
documpts are the dates on the date label. It has been shown by Fuss ler and
Simon and by Lister that records of past use are reliable predictors of future
use. Certainly the record of borrowing is an incomplete record of total use,
but it is the critically important part of total use so far as availability is con-
cerned. The problem has four parts, which we proposed to tackle as follows;

(i) Existing stock: The date labels of the entire loanable stock will be
examined this summer: borrowed books as they are returned, the rest by going
along the shelves during the vacation. Books subject to a seven day loan will be
marked on the spine and the date label.

(ii) Falling popularity: At intervals, the shelves will be inspected and the
date labels of volumes market "seven-ilay loan" will be inspected. If use has
declined the markings will be removed and the book reverts to the longer loan
period. Sothe "seven-day loan" books will be out on loan and they will be assumed
to have stayed popular.

(iii) Rising popularity: This is likely to be only a small problem because
of the well established tendency for the popularity of books to decline with time.
Consequently repeated checking of the entire stock is likely to prove unjustified.
Instead the staff of the Service Desk will be authorised to make any book subject
to "seven-day loan". The fact that a reservation has been made for a book is in
itself excellent prima facie evidence that that book is in heavy demand. In addition,
occasional spot checks will be made on "non-popular" books being returned from
loan.

(iv) New books; Those who recommend titles for purchase will be asked
to mark an appropriate box on the Suggestion card if they expect a book to be
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popular. The subject specialists who classify books will also indicate books
which are likely to be heavily used. An incorrect prediction either way will be
corrected by the continuous monitoring of (II) and (iii) above.

This is, of course, only one possible way. All this information, except
concerning new books, could readily be produced as the by-product of an
automated issue system. An alternative approach for either manual or auto-
mated systems would be to determine the period of loan at the time of issue -
without having the books processed into pre-determined loan categories.

4. 4. IMPLEMENTATION

As stated above any rational loan z:nust be a considered compromise be-
tween a variety of conflicting objectives. The new policy at Lancaster is intended
to achieve the following:

10% of stock to be subject to one week Loan;
(ii) 70% of issues to be subject to one week loan;
(iii) 85% Satisfaction Level;
(iv) 10% of most popular books abse= from shelves;
And it was based on:
(v) the distribution of demand;
(vi) the level of demand;
(vii) the size of stock;

-(viii) the level of duplication, and
(ix) the size and rôle of the Short Loan collection
which existed in 1967-1968.

The problem of implementation is essentially one of devising simple, in-
expensive procedures which will maintain the standards of service implied by
the choice of loan policieS.
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Discussion

Mr. Duchesne asked about the cost entailed in shortening the loan period, and
also if borrowers would borrow more books with a shorter loan period. Mr. Mackenzie
replied that the available evidence indicated that the number of books borrowed per
reader would increase. The extra costs involved were in redesigning the mechanics
of the loan system, in staff time for sending out the greater number of overdues
which would be required, and in extra staff time of 6 man-weeks per year needed
to monitor the stock and to make sure that books were in the correct category; there
was also an extra cost of 0.5d. per issue for a more sophisticated type of stationery
which was needed. Mr. Buck land said that one factor which would make the total
demand go up in the future would be more students in residence; also if availability
were increased this might lead to a greater demand on the library because readers
would realize that there was more chance of finding what they wanted on the shelves,
and a self-reinforcing situation would be created.

Dr. Urquhart wondered if it would have been better to spend the money on
duplicates to increase availability, rather than on redesigning the system. Dr. Hindle
replied that the system for ordering duplicates could be improved; there seemed to
be the usual lack of communication between the library and the departments about
books which were popular; he also pointed out that a variable loan policy did not pre-
clude selective duplication. Mr. Mackenzie added that about 40% of the recommendations
for books to be plr,ced in the closed access short-loan collection were dubious because
the books were hardly used; but that the library spent £2, 000 7 £3, 000 per year on
duplication which was initiated by the library from evidence gained at the service desk;
consequently he doubted the ability of the departmental:staff to forecasi,-.demand. When
asked at what time the decision on the category of new'boOks would be taken, Mr.
Buckland repliedthat this would be done on ordering or by subject specialists when
they classified 4w,:b."6/Ap,`.:IMr. Mackenzie observed that no serious penalty would be
incurred by the ieader if a book were Wrongly placed in the popular category, since
six months later lightly used bOoks would be down-graded. Mr. Snape said that for
particular titles some public libraries had eniployed a saturation technique and dup-
licated until there were always copies of those titles on the shelves., Mr. Mackenzie
said that this had been proposed on a small scale as part of the research project, but
it would be very expensive to implement as a standard practice.

Thompson asked if LancaSter's Acquisition policy took into account the fact
that ,sttidents bought ,sorne of their, oWn bdoks and whether the library deliberately
avoided toying strongly recommended texts. Mr. Mackenzie replied that departments
had different policieS on the iiurchase of books by students: some departments issued
lists to their 'students stating which books they had to buy and which they should get
in the library; the library would probably buy one copy of the former and many copies
of the latter.

Buckland said that the present satisfaction level was 60% and they had
initially aimed to increase this to 80%, but this had only been an intuitive guess; he
wondered what the Optimumlevel should be.. Prig what effect ,the patisfaction level
had on user behaviour. Dr. Urquhart said-that at the "Sdience Museum library 20%
of the stock used to be on loan when it was wanted by users, and at the NLL they
aimed to reduce this figure to 1.0%; but they had no positive measure of what the figure
ought to be.
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Mr. Buck land said that many libraries relied on limiting the number of books-

which readers were allowed to have out at any one time as a means of increasing
the satisfaction level. This seemed rather a doubtful practice because it only af-
fected the "good" user, i. e. the person who used the library a lot, and it was not
known if such users tended to return the popular or the unpopular books. Mr.
Vickery asked if there were any data on the relationship between the number of books

a reader had out, and the number they were allowed to have. Mr. Buck land replied
that he had not, because, of the libraries they had examined, all put a limit on the
number of books readers were allowed to have out, but these limits were not en-
forced because the additional staffing cost was too great. Mr. Fulford asked if the
cost of raising the satisfaction level increased as the starting point got higher. Mr.
Bucldand replied that it did, but he had no precise figures, since the indirect cost
to the institution as a whole was impossible to calculate.

Mr. Buckland said that a number of studies had suggested that there was a
correlation between the use made of a library and academic achievement in examin-
ations. Therefore if students who were good academically choose to allocate their
time to using the library, then it could be hypothesised that those who did not use the
library very much should be encouraged to use it more: if this could be done by in-
creasing the satisfaction level, especi4lly for new students, then the library would
be performing a useful service. Dx Urquhart asked if there were figures available
which gave the percentage of students who never borrowed a book. Mr. Buckland
replied that there were no figures for Lancaster but he thought that the percentage
must be high; the Nuffield Survey at Leeds found that 26% of undergraduates never
borrowed a book. Dr. Urquhart said that Leeds was .not really comparable with
Laiibaster.

Dr. Urquhart said that one way of increasing the satisfaction level in a particular
section of the collection Viould have been not to bind the periodicals into large volumes.
Mr. Mackenzie said that the study was basically concerned with undergraduate usage
and therefore periodicals were not considered. Mr. Buckland added that it Was cheaper
to bind periodicals into volumes than to bind each part separately. Mr. Mackenzie
pointed out that it was easier to steal a separate issue of Physical Review than it was
to steal a bound volume of it.

Dr. Thompson asked if there was any information available on the differences
between the borrowing patterns of staff and students. Mr. Mackenzie regretted that
there was very little information on this. Dr. Urquhart suggested an alternative
loan period of one week for all loans, coupled with encouragement to readers to
fill in reservation forms and an understanding that books would not be recalled until
the end of term unless someone else wanted them. Mr. Mackenzie saidthat this was
in essence the exiSting system, but only about 1.0% of readers filled in reservation forms
when they wanted books which were not on the shelves. Mr. Brookes wondered what
effect the new loan policy would have on student buying of books. Mr. Mackenzie replied
that the new policy had not been implemented yet, but it would be interesting to see if
it had any effect. Mr.' Buckland said thatscime studies indicated that readers who
borrowed a lot from public libraries also tended to buy books.
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1. ABSTRACT

.Librarians are managers; as managers they reed mar=gement

information. Apnendix A provides a sample list of desirable MI.

The Introduction of computer-aided library systems (e.g.

ordering, cataloguing systems) enables libraries - if the systems

are designed with this in mind - to collect and process more MI

than can feasibly be collected In existing manual systems.
Appendix It suggests NI which may be produced by present-day

computer-aided systems. The possibilities for collecting MI

of this type increase as more processes are automated, especially

if machine processes are integrated, i.e. dovetail and make use

of common files. When it becomes feasible for users to communicate

directly (say, via consoles) with the machine system, even greater

possibilities will arise.

While computer-aided systens offer MI possibilities, present
reporting suggests that neither librarians nor computer men really

know what data to collect, analyse and display for NE purpof ,

The relatively simple Appendix B type of information will be of

considerable use; the next step on from this type of information

is to make use of an operational research (OR) approach. To take

this step forward the applicability,of the.PR approach in the

library context needs to be more fully demonstrated; also the
library profession, including its systems analysts, need to become

better acquainted with the OR approach. Research projects employing

OR teohniques in libraries would help demonstrate the applicability

of OR in libraries. Acquaintanceiof the library profession with

OR would :be improved by short courses on the subject; by the

production of a monograph on library systems analysis, including

treatment .of the application of OR techniqUes to librarY problems;

by more adequate treatment of OR in formal:full-time professional
education.
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2. NAT74GEMENT INTURTILTE717 rMI)

2-2. The IzEbrarian r lri=riegez

lrech1, -who is a widEly cuoted authoritm has defined managment
in the fallowing way:

"A social process entailing responsibility for the effective
plannicg and regulation of the omerations of an enterprise,
in fol'-'ilment of a gfven purpose or task, such responsibility
inwalvimg:

(a) The installation and maintenance of proper procedures
ta ensure adherence to plans.

(b) The guidance, integration and supervision of the
:personnel composing the enterprise and carrying out
its operation".

He goes on to define direction (concerned with objectives and policy),
organisation, and administration (concerned with procedures) as parts
of management.

Such a definition Is descriptive df the main tasks undertaken by
individuals in charge of libraries, particIllarly libraries of any size.
It is therefore odd that librarians; especially in UK, have not shown
enthusiasm in identifying themselves az managers. It is surprising,
for instance, how few sizeable monographs there are, devoted to library
management and library administration. Even some of these books avoid
stating outright that the librarian having charge of a library is a
manager and must endeavour to be effective as such. For instance, the
following statement is a diffident version of the latter thesis,
especially*in-A book on library management: "althaugh the foundationstone
of librarianship is bibliography, the profession also includes many
elements common to business arid industry. Business executives and

2industrial engineers have long known, the value of scientific management".

1. BRECH, E.F.L. '(ed.). The principles and practice of management.
Longmans,.1953,-5.17).

2. DOUGHERTY, R.M. and HEINRITZ, F.J., Slientific management of library
(Statement, in preface)operations. Scarecrow, 1966.
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One can see many reasons why librarians have been diffident
in identifying themselves as managers. In British academic
Institutions, there is a tendency to regard aaministration and
management as activities for the second-rate mind and therefare
as of less importance and status than teaahing and research. A
certain defensiveness within the prafessi=m has probably also
encouraged the view t=r1Pt librarians know-about libraries and do
not have anything of mueh Importance o learn from managers of
other institutions.

In fact the librarian in charge of a library is just as much
a manager as - assuming similar sizes of organisation - the factory
manager in an industrial enterprise, the manager of one of a chain
of department stores, a bank manager- The form of authority to
which each type of manager is responsible differs, but each has the
responsibility for staff, buildings, equipment, financial expenditure
and has the task of managing those resources to produce some form of
product or service. In the case of libraries, the resources can be
on a very substantial scale. Such is the ease for the major national
libraries like the Library of Congress or the British Museum. There
are also very large university libraries; Barvard, for instance, has
an annual budget of over 08 million: and a staff of more than 600.
The average U.K. university library. and the average U.K. public
library authority are of course nat. mearly.:,so large as this, but with
average annual expenditures of same £160,000 (1965/64)1 and £110,000
(1967/68)2 respectively - even the average.librarian in these types
of library commands an impressive Scale of resources.

2.2 Information Needs of the Librarian/Manager

As a.manager, the librarian needs inforthation on whichto base
decisions.. Indeed management has...been described3 as the "process of
cc:inverting information into actien* The conversion process we call
decision making",. The number and:Cemplexity of decisions required
of the-librarian iS large, since:-.

1. UNIVERSITY GRANTS COMMITTEE. 'lleport of the committee on libraries.
BMBO, 1967, page 155.

2. INSTITUTE OF MUNICIPAL TREASURERS AND ACCOUNTANTS. Public library
statistics 1967-68. IMTA and Society of County Treasurers, 1969,
page 6.

3. GREENBERGER, M. (ed. ) . Computers and the world of the future. MIT,

1962, page 37. r:

,
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The litrary needs to ae.:_iagt- -to a changing environment: for
instance, changing use=rres.t.s, changing patterns and volume
of publication... The nedsof. research workers, particularly,
tend to le subject to change.

Many-decisions are commlen for instance, how to allocate
the budget - how h %to soend on staff, how much on material;
haw much on borlk as-against periodicals.

Wrnng decisions mar be costly, and may be difficult or impossible
to rectify. For instance, a library building embodying one
concept of the library cannot easily be changed if not found
satisfactory in practice.

As libraries grow la..rger, as the pace of technological change
increases, as the =ate of publication increases, the librarian's
management task Is becoming more onerous - and his need for
management information is growing.

To cite one instance: 'with the growing volume of publication
libraries face a greater selection task - there is more to scan
and select. Add to this the fact that most individual libraries'
budgets are not growing as fasi as world publication, and the
task of selection is becomingl not only:greater but more necessary.

What sort ok MI does the libratian neeh? Appendix A illustrates
some essential information. For a more detailed review of information
required fOr management pUrposes, reference may be made to.McDIARMID.1

1. MCDIARMID, E.W. The library survey; problems and methods. ALA, 1940.
The reader should not be put otf:either by the date or the title.
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3. COMPUTER-AIDED LIBRARY SYSTEMS

3.1 MI: the rale of the computer

on the sample list of MI in Appendix A it is clear that much
MI will remain outside computer systems for a long time, possibly
for ever - for instance, information concerning organisation structure,
job specifications, staff and procedure manual information.

With regard to MI, then, the role of the computer is a limited
one. Firstly it will not, forseeably, supply all the librarian/
manager's formal information needs. Secondly - it goes withaut
saying - it will, never supply the sort of informal MI which can
only be obtained by personal contacts. The library, after all,
exists to serve human beings and is staffed by human beings; it
must be managed by a human being - the limited role of the computer
arises partly from these simple faDts.

. There is no chance that the
computer will dehumanise library management; neither is there any
chance that it (or.the computer man) will replace the librarian/
manager, take decisions for him, ar.reduce his sphere of influence.
The librarian/manager himself will always have the final say
concerning all matters under his charge, including the design' of
his MI system, what MI reports he is to receive, and what action
td take on Ithese reports. ;

Having:stressed the limited Foie of the computer and that the
librarian/manager will never.obtain-all his MI from the computer,
even if all:the procedures in his library are computer-aided 7 the
question still remains - what MI can he expect the computer to

.supply?'

At present relatively few libraries have introduced automation
on any scale. For those without computer-aided systems, the main
Mi role of the computer is to process survey-type Information. For
those with,computer-aided systems (e.g. computer-aided cataloguing,
circulation systems), the possibilities are;considerably greater,
since the oomputer may be used to pFoduce MI information as a byproduct.
Appendix B 'gives some indication of the type of byproduct information
which may be collected. Same of this may warrant routine reports,
some might be paesented in reports::groduced-on request.2

J:.

1. LOSTY, P.A. Designing a managemint information system (MIS).
Computer Bulletin 13 (5) Nay 1969, 142-147. (Page 143)-

,

2. For discussion of types of report which may be produced and who
may Call for them, sees E

CLOOT, P.L. M ement inforMation s stems - can com uters hel
.ComputeF Bulletin 11 4 March±1968, 276,281. Page 277
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The systems postulated in Appendix B are relatively simple
self-contained batch-processing systems: batch-processing selection
data, order, cataloguing, circulation systems. The systems are those
which general libraries introducing computer-aided systems are most
likely to develop first, and those from which MI of general validity
can be readily extracted. SDI and IR systems have been excluded on
thegrounds that to extract-MI of general validity they must be used
by a large proportion of the library's users. SDI and IR systems
on such a scale are not so likely to be economically feasible for
general libraries as those listed.

Relatively self-contained systems are chosen because it is to
be expected that most libraries introducing computer-aided systems
will start by creating some relatively self-contained system of the
general type indicated. As automation proceeds and Integrated
systems are developed, e.g.

selection/order
order/cataloguing
cataloguing/circufrbion

,
the possibilities for byproduct MI inCrease.,: For instance, an integrated
selection/order system can keep statistics'of the delay between selection
and ordering.

Possibilities for collecting MI, will be further increased by:

1. Development of 'total' Systems :

.(e.g. covering selection/order/cataloguing/circulation).

2.,Direct user communication with the machine, (e.g. via consoles)
- when this becomes feasible. This is Iodizing sane way into
;the future; a computersksterrwi,th which the user could

- .communicate in conversational mode offers prospects of
building individuals' prdfiles, noting relatively precisely
what information they use.and their mode of finding relevant
.information. Lickliderl has described such a system.

1. LICKIIDER, J.C.R. Libraries of tlie future. EaT, 1965.
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3.2 MI in presently reported systems

There are at present relatively few operational computer-aided
library systems. Taking a cross-section? of reported systems, the
projected total systems Show awareness of potentialities. To quote
from the Council on Library Resources report (page 23):

"Popsibly one of the most Important consequences of automation will be
to provide capability for maintaining use history and for implementing
mea44rements on a sampling basis in order to install a good system of
quaItty control in the library's operations".

Similarly, in the Intrex report, Morse (in Appendix N of the report)
streases the need for MI, puts forward some "typical probabilistic models
of library operations, and states that "... the Introduction of data-
processing equipment in library operations will make it easier to amass
the data Lneeded for use of these models]" - page 228.

;

1. Projected total systems
t-

COUNCIL'ON LIBRARY RESOURCES. AutoMation and the Library of Congress,
Library. of Congress, 1963.

1:
e

c
OVERBAGE, CI.P.J. (ed.) Intrex; repci:;rt of anplanning conference. MIT,
1965. .

.

Order system

GROSE, M.W. The Newcastle Univeraty Libra.i.y order systen
in COX, N.S.M. and GROSE, M.W.

Organisation and handling of biblio_ a hic records b com uter.
Oriel, 1967, p.158-159.

Cataloguing

BREGZIS, R. The Ontario new university, library project. College and
Research Libraries, v.26. November 1965 495-508.

Circulation
,

WOODS, R.G.: Use of an ICT 1907 coMbuter in:Southampton University:
Report No. 3.
Program v.2 (1) April 1968, p.30-330,

L :-

Note: More.reports than these have been examined - e.g. that on
University of Hawaii circulation system - but the above are
sufficient for the purpose in,hand.

;."4.
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Morse and (in Appendix R to the report) Raymond In the Intrex
report are - in the cross-section of reports examined - by far the
most articulate concerning the need for MI and how to use it when
obtained.

. Grose notes eight tabulations to be produced by a program
under development at the time of his report. Bregzis merely states
that a wide range of information can be produced as necessary,
while Woods makes no mention of MI though the Southampton system
does in fact accumulate various counts, e.g. of loans by type of
borrower.

The oves-13 impression and Ponclusions t be drawn are well
put by Morse4-:

"... neither the computer experts nor the librarian (for different
reasons) really know wl.ist date, would be useful for the librarian to
Ilave collected, analyzed, and displayed, so he can make decisions
with some knowledge of what the decision implies. What is needed
before the computer designs are frc4en is for models, of the sort
4eve1oPed in this bOok, to IDe P?s-Yed-with, tQ see which cf them could be
useful and to see what data are needed and in what form, in order that
both models and computers can be used most effectively by the librarian".

iTowards conditions favouring design of systems giving
flokore effective MI, .

3-3

The operations research (OR) approach followed by Morse and otaers,
notably LeiMkuhler?,,eeePP tp Offer.great POseibilities and to point the
We-Y fOrward'fOr 1,ibreTY PIT !!, With PertSin reSerVatione:

(l) The. Need tO tePt QA theoriPP in.Pr4ctice,.

Most'ofthe literature concerning OR in libraries contains statements
s.p.ch P,Pt4p.pp;

T. moRsE, p:k. -Library effectiveneeS': a syjStamsanproach. MIT, 1968

P441,442 .

2 See, for example:
LEIMKUHLER, F.F. Systems-analyg10 in uni'irersity libraries.
Oollege and Research"Librarie0,-47
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"It is unlikely that they [the author's mathematical models]
are precise indicators of actual performance because of the
assumptions required in their development, as, for example
that the demand rate for a book is independent of its
availability or the loan poli-dy".1

."The book is experimental in another sense; it is carrying
theory well beyond the point where it can be solidly backed
up by preseritly available data ... most of the models
discussed here ... are backed by the flimsiest of corroborative
measurements".2

There is need to test OR theoretical models by application In real-
life library situations. Probably'the quickest way to bring about such
application is through research projects. The object of such projects
should be to apply OR techniques to library. management problems, postulate
solutions and test these solutions in practice. The emphasis is on
application ana practical results .,-librarl.ans are practical People and
are much Impressed by practical results. Such emphasis is likely to lead
to the use of simple models rather than complex bnes - to quote Cloot3:

"If a Management problem is camplex and it is difficult to find
a simple model for it, then it will be disastrous to try to find
Instead a complex one. With:only a very feW notable exceptions,
successful models have been sa simple that an operational
research specialist would disown them"!. .

(2) Lack of acquaintance with OR in the library profession.
Magic figures are dangerous in MI: if the manager does not understand the
basis of calculation of figures presented to him he is likely, to place
either too,much or too little reliance on them. It follows that if OR
techniques are used in producing the librarian must be acquainted with
these techniques. It would be worthwhile:

1. LEIMKUHLER, P.P. op cit. p.18.

2. MORSE, P.M.: Libra effectivenessts a s stems a MIT, 1968 p.vi.

3. CLOOT, P.L. Iftna ement.'informatiOir SteMsH-:Can cam uters heln?
ComputerBulletin-ll 4 J,March 1968.,276-281,Page 280 ..:

, , .
.

,ett4.4
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(a) to run.- primmvily for professional librarians - short
courses concerning the OR approach, OR techniques and
their application in libraries.

It may be noted that although some 60 short courses
are listed in the Library Association Record from January
1968 onwards, only -two include in their titles the words
"Systems Analysis" or "OR" or "Operations Research". In
the two cases mentioned, the titles were "Systems Analysis"1
and "Management in Libraries (particularly Systems Analysis)".2

(b) to produce a monograph in library systems analysis, Including
a section on OR and its (potential) application in libraries.

It may be noted that no reference to OR, systems analysis
or mathematical models occurs in the indexes of a cross-section3
of monographs on librz.Lry management.

(c) for fu11-time library profesSional education curricula to deal
more fully with.OR and its ..(potential) application In libraries.

a

7.,

1. Library Association Pe-.....ord 701,(5) May 1968, p.129.

2. Library Association Record 71 (4) April 1969, p.122.

3. ASHWORTH, W. Handbook of sp6bial lil;rarianship and information
work. 3rd ed. ASLIB, 1967.

DOUGHERTY, R.M. and HEINRITZ., F.J. Scientific management of
library operations. Scarecrow, 1966..

LOCK,.R.N. Library administration. 2nd ed. 1965.

WHEELER', J..L. and GOLDHOR, . Practical administration of public
libraries. RanDer and Row, 1962.

WILSON, L.R. and TAUBER, M.F. . The university library. 2nd ed.
Columbia University Press, 1956.



Appendix A
Pave 1 of 2

soya DESIRABLE MANAGE=NT INFORMATION

FOR THE LIFRARIAN/MANAGER

Subject Information

.a.

Staff

Stock

gBuldins/i
Eouipment

Finance

Library
Use data

.

Organisation structure; job specifications; staff manual
Notice of changes of employment, holidays;
Reports from department heads.

;Inventory of library stock; analysis of inventory as
recuired, e.g. by subject, physical dimension, location,
frecuency of use, physical fbrm;
._Account of acquisitions and losses with comparison of
total shelf-footagq used and available shelf-footage.

Plan of buildings, 4=luding-seating/shelving.capacities;
Schedule of equipment;
Reports of periodic inspGctions.

_

. .r ,

Statement of all assqts andaiabilities; analysis of
expenditure as required, e.g. all exnenditure by expense
,code, stock exPenditure by flind subject, type of material;
Regular statements of expenditure compared with budget.

51 7: ,

Circulation: numberof loans analysed by tyne of reader,
_subject, length ofvloan, type of. material.

'Reader visitS:'nuMber of visits analysed by .'I-2 of reader,

purpose .of visit; number Of tasks performed per visit'.
. .

Encuiriesi nuMbercifenOuities analysed by source
_orzanisation, mediuM.(0.g. telephone/letter ), subject,
Success ih obtainineanswer.:_

PhOtocoPies: ,number:,-

4



A.onendix A
Page 2 of 2

Subject Information

Methods and
Procedure

Other information

Procedures manual; unit costs of specified
onerations 'e.g.-cost of cataloguing the average
book.

.

-InteT7Librarv comparison
comparative data for other selected libraries.

Stndards
compari-sola of library data.tiith standards.

,Inter-librarv loans ennuiries ,

analysis of loans_rcquested and enquiries passed to

other bodies.
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1. PURPOSES OF DATA COLLECTION

Data is important at four stages of library planning. In
the first stage, it describes situations, in the second it
tests theories; when plugged into suitable models, it
explains situations; and finally, it predicts.

Data collection can be very expensive, so the reasons for
collecting it must be made quite explicit before a finger
is lifted to count a single piece of paper. Mere descrip-
tion in itself is of little use. A common statement in
the calendars of universities is of the form "The library
contains more than 250,000 volumes." This is peculiarly
ineffective propaganda for the most part: it can convey
little meaning to the average reader of calendars.

Description can be meaningful when used comparatively. Con-
sider these three statements, all of them paraphrased from
annual reports of university libraries.

"The library added 10,000 volumes to stock this year!'

"Acquisitions this year totalled 10,000 volumes com-
pared with 8,000 last year."

"This year we acquired 6,000 volumes by purchase,
compared with 10,000 last year; the fall was due
to a rise in the prices of British books, the effects
of devaluation, and a book-budget pegged at the same
level as last year. it

The first statement is meaningless, and the second is very
little better. The third is packed with social, political
and economic information.

At the hypothesis testing stage, it is sometimes necessary
to obtain data' from other sources than the individual library
in question.. What will be the effects of changing the
borrowing regulations in a university library? On a simple
level, lengthening the permitted loan period from two weeks
to ten weeks seems likely to reduce .the circulation of books.
Is this so? Data from a. university where this change occurred,
unaccompanied with any other major change, is as follows.

N .y f Students No..of booXs
Iporrowed

o

Books-
:borrowed
per:head

Old regulations.

New regUlations

Percentage change

'.4100

.4600

'-i-122

.52000.

77000

-:-6...1

20.0

16.7
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The evidence does not refute the hypothesis and it is worth
--pursuing whether such a change will reduce the availability
of books and thus reduce the quality of the service provided.
If the change in regulations were accompanied by special
provision of books in heavy demand, on the other hand, the
quality of'the service might increase. Is there evidence
from elsewhere to support this? From a university which
changed the loan regulations and increased the supply of
heavily used books at the same time, we find the following.

No. of students No. of books Books
borrowed borrowed

per head

Old regulations

New regulations
Duplicate collec-
tion

Percentage change

2100

2300

+9.5

68000

55000
25000

+17.6

62.14

23.9
10.9

+7.1-4

The effects of the two changes are difficult to disentangle.
Taking the first two years of the new system, we find:

No. of students No. of books Books
borrowed borrowed

per head

Year 1: New regulations
Duplicate collection 2300

2: New regulations
cate collection 2500

Percentage change +8.7

55000
25000

55400
35000

+0.79 +13.0
+40.0

23.9
10.9

22.2
14.0

- 7.1+28.41 +4 0

The evidence is still not Conclusive, and not much is gained
by extending the exercise. The need for a suitable model is
demonstrated. The particular case of loan regulations has
been covered in another paper (Buckland & Hindle, 1969) and
this admirably illustrates the use of data in models. Model-
building automatically leads to prediction. Prediction is
a pre-requisite of planning. Librarians must plan, therefore
they must predict. Of course, some predictions fail - that
is why governments fall - but ad;Bquate information assists in
the refinement of prediction. Some forecasts fail because
not all factors can be controlled - weather, prices of period-
icals, builders who go bankrupt; others fail because measures
are taken as a result of the forecasts - Britain's export
performance, extension of opening'hours - and this kind of
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failure only pays tribute to the value of the exercise.
Predictions based on a sound foundation of relevant data

--are more likely to be more correct than those based on
hunch or guesswork. -

If the population served by a library increases, what effects
will this have on the use of the library? How can the library
administration adjust to cater for differing demands? These
and other questions can be answered if the right kind of data
is collected in the right way.

2. CLASSES OF DATA

At the outset of problem solving, it is necessary to decide
not so much how to collect the data, as what data to collect.
Once it has been decided what is relevant, there is frequently
an obvious way of obtaining the required information. The
data concerning libraries can be grouped under four main
headings: Resources, Activities, Operations and Background.

(a) Resources

These are usually the simplest ofall to measure in terms of
method, although not necessarily of effort. Labour, money,
seats, shelves and bookstock are all resources which can be
counted in obvious ways. This does not mean that they always
should be counted. Since books occupy shelves, it is not
necessary to count both, unless one wishes to check the
average width of books in various subjects. In a library,
one of whose tasks is preserving books for the future, it
is largely irrelevant exactly how many books it actually
possesses; it is necessary to know how many empty shelves
there are, and how quickly they are being filled.

(b) Activities

Activities can be sub-divided into librarians' activities and
users'-activities, but this is to be avoided if possible because
such a sub-division tends to overlook the impact of each Upon
the other. Thus the lending service can be measured in Lerms
of how many books are borrowed in a day, or in a year, and
deductions made about the requirements for issue-desk staff;
but account must also be made of the users' time: an issue
system which requires two to three minutes of a borrower's time
for every book boProwed is that much worse than one which takes
fifteen seconds.

So, the activities
lending, reference
vities - acquiring
activities - using
library, and so on

group includes the services of the library -
, photocopying, etc.; the "internal" acti-
books, administration:, etc.; and the users'
the catalogue, consulting.books in the



-
(c) OperatiOns

Operations are the links between resources and activities.
The activity "acquiringbooks" involves professional, non-
professional and clerical labour, money, and shelf-space;
"cataloguing" may use professional and clerical labour,
and machine-time (for reproduction of catalogue entries).
At the very least, a manager needs to know how much of each
resource is absorbed by each activity. Just as it is
inconceivable that a refrigerator manufacturer should be
ignorant of how long it takes to make one deep-freeze, so
it should be inconceivable that a librarian be ignorant of
the amount of time req-uired to file a hundred catalogue
entries. Planning without this kind of data is less
credible than science fiction of the Barbarella genre.

(d) Background

Background data is mainly concerned with potential demand
and external factors that influence the actual demand. The
size of the undergraduate body and the subject coverage in
a university library; Reilly's Law, and the relative propor-
tions of differing socio-economic groups in a public library.
All librarians should be concerned in establishing why sub-
stantial numbers of people never use their library, with a
view to providing the services which will reach these non-user
groups.

3. METHODS OF DATA COLLECTION

Deciding what data to collect is largely a matter of the
problem on hand. When planning a new extension to a library
building it may be sufficient to calculate how fast the existing
shelf space is filling up, in overall terms such as "3000
feet per year". When re-arranging material within an existing
building it is necessary to be able to differentiate between
subjects, as perhaps "Physics: 80 feet per year; Geology 43
feet per year".

(a) Problems

Each of the four classes of data has its own peculiar problems
to be overcome with sufficient exercise of ingenuity and
steadfast adherence to the principle of least effort.

(i) Resources

The measurement of resources such as staff, seats and money
is automatic: the librarian knows how much money he has to
spend, how many seats the raders may use, how many graduates
there are on his staff. It may be necessary to classify
the resources in different ways - professional staff,
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experienced and inexperienced non-professionals, clerical,
etc.; seats for students, seats for professors, etc. -
but that will depend on local conditions and is not a problem
of measurement.

In such cases as bookstock there are opportunities for
eliminating the painstaking volume by volume counting, as
described later.

(ii) Activities

There is scope here for expending mu,'2h effort for little
return. The annual ccillection of statistics can degenerate
into a meaningless ritual unless the object of the exercise
is continually borne in mind. There is no point in knowing
that only five per cent of inter-library loans are supplied
through the regional bureau unless (for example) a decision
is to be taken on the desirability or otherwise of maintaining
a connection with it. Similarly, there is a danger in carrying
out surveys of library use merely to satisfy curiosity. To
know that one-fifth of all the users consult the catalogue on
a particular day is not sufficient; it is necessary to know
how this compares with other days, other times of year, other
institutions; and if there are differences, what causes them?

Data collected in surveys of other libraries can often be
useful. In the case of catalogue use, figures are available
from a variety of sources.

B'ham.'64 Durham '66 Newcastle
'68

UMIST
'65

% of -undergraduate users
using catalogue on 'a. .25 20 6 19
given day

% of academic staff Not
.

.

users using catalogue available 26 15 19
on a given day

Questions are instantly raised by comparisons of this sort.

The non-use of libraries occasionally gives librarians furiously
to think: also the non-use of books by library users. Large
numbers of students can always be found in university libraries
before the summer term exams working solely with their own books.
Data from a number of libraries suggests that the figure is
around 50-60% of the total. The proportion is not inconsiderable
at other times of year however.

.All surveyS in May 'B'h m'64 Durham'68 Keele
'67

Newcastle
'68

UMIST
'65.

% of undergraduate
users not using
library materials

54
.

54 45 63 51
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A curious aspect of non-use is provided by the categc,pL
users known as "External" (i.e. non-university users). It
_f4a.s noticed that at Durham in 1966, one-third of this category
used no library materials when in the library; similar results
were obtained in Newcastle in 1968, and another case has
occurred in Sydney (Radford, 1967):

(iii) Operations

This is possibly the largest terra incognita of librarianship.
At any rate the literature is singularly deficient in informa-
tion on the allocation of resources to activities. A
recent study gives some data on the amount of labour allocated
to particular tasks in certain types of academic libraries
(Friedman & Jeffreys, 1969); but this is not related to the
output resulting from the labour force. A recent work on
productivity tells of a university library in which six
professional librarians catalogued five books each per day
(Butterworth, 1969): this suggests that one library at least
believes that "each book is a law unto itself" (Berkowitz,
1961). This attitude appears to be quite common, and may
prevent the collection of data on operations in all branches
of library work. It may well be true that all books are
exceptions (in which case why are there cataloguing rules?)
It is certainly true that the time taken to issue a book
should be independent of its intellectual content and physical
characteristics.

In the absence of concrete data, some initial comparisons are
possible at a very crude level. It is usually possible to
find somewhere in Britain two libraries with similar charac-'
teristics. Data taken from the annual reports of two such
libraries can throw up some interesting comparisons.

-_,

No. of
students

Academic
staff

Library
staff
(Grad.)

Library
staff
(0ther6

Loans
per
member
of
library
staff

Additior
to stocl-
per memt
of librE
staff

University A 2850 420 21. 24 3000 625
University B

/
3000 400 20 22 1800 350

Annual reports of other institutions can suggest many compari-
sons of this sort; a closer look at the reasons underlying
differences can be of great assistance in exposing inefficient
working or redundant practices.

(iv) Background

The problem here is of determining what is relevant. Other
people's surveys can be of great use in highlighting particular
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aspects and suggesting new avenues of thought. Distance
from place of residence to library (Luckham, 1967) - how
does this operate in a university library situation? Is
it obscured by the difference in need of different academic
disciplines? Can librarians glean anything from the evidence
garnered-by behavioural psychologists, to assist them in
planning the interior arrangement of libraries? There have -
been ,,mough surveys of university libraries at least for the
main pointers to be fairly clear. Closer looks at particular
aspects are required now.

(b) Methods

The methods chosen for collecting data will depend on the
precision required which will depend on the problem in hand.
If it is really necessary to know exactly how many books on
philosophy have been borrowed during the past twelve months,
there is no alternative to counting the loan records one by
one (unless an automated issue system is employed). In real
life, where such precision is usually unnecessary, some short
cuts can be taken.

(i) Gettin machines to work: ates and bur 1 r alarms

The simplest measure of the use of a library is the number of
people visiting that library in a given period of time. The
simplest method of counting them is by means of a meter mounted
in a turnstile at the entrance or exit (although these sometimes
upset the users). Daily recordings of this meter, accummulated
over a period of time, readily show the weekly, termly and
annual cycles of use, and can reveal trends which might other-
wise not be apparent.

In some situations'a recording turnstile is not feasible -
perhaps for political, aesthetic or architectural reasons.
It is possible to use a simple pressure-pad device - laid
inside one quadrant of some revoDving doors, or at some other
restricted entry point - and this will be quite adequate.

A third possibility involves light beams and photd-electric
cells; I have limited experience of these only, and that
unhappy. It proved less reliable than either of the two
previc-us methods for-a variety'of reasons, and was soon
abandoned.

All counting devices have to be checked to see how accurately
they represent reality; some+ characters always push a turnstile
round twice instead of once, and so on. Spot checks made willshow that readings are biassed ,while remaining consistent so
that corrections can be made for the know bias.

In itself, the number of peol54.6 ilsing a library may seem of
--little account,-but it does haye a bearing on other activities.
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The use of a computer as a means of data collection is
covered elsewhere (Duchesne, 1969), and its possibilities

_ are immediately apparent in the operation of such self-
regulating loan systems as that described in another paper
(Buckland & Hindle, 1969).

(ii) Avoiding tedium: weights and measures

Absolute precision in the counting of books, catalogue cards
and loan records is almost invariably unnecessary. A tape
measure and some letter scales are'indispensable to the modern
library manager.

When considering the reclassification of a section of the
library, it is not necessary to know exactly how many books
there are in that section; it is quicker to measure the
number of feet of shelving occupied by the books and multiply
by an appropriate factor. Thus, if we have 170 three-foot
shelves occupied by books on German language and literature,
we can say that we have about 5,300 books to reclassify
(assuming a factor of 10.83 books per-foot). This will be
a sufficient basis for estimating the labour required for
this activity.

A commoner exercise is counting the number of books catalogued
in a week, or the number of cards filed in a catalogue. Agcin
it is much easier to measure a pack of cards than to count
them separately. The method is accurate to within 1%.

Naturally, this technique cannot always be used. Loan records
must sometimes be counted, and where there &re forms filled in
by the users, or produced by a "Bookamatic" system, reasonable
accuracy cannot be achieved with a tape-measure. The scales
come into their own at this point, and again give estimates
which are accurate to within 1%.

(iii) The democratic rodess: consultin the users

Some kinds of data can be colTected sensibly in no other way
than by means of a survey. in he context of an individual
library, "survey" means a survey of the users. The general
aspec'l.s of conducting surveys have been covered elsewhere
(Line, 1967, and works referred to therein) and it is necessary
here only to emphasise some points. ,/

A. Instant diaries

"Instant diary" describes a particular kind of survey by
questionnaire. Each user, on entering the library, is handed
a firm which he fills in during his stay, returning it ÷o the
survey staff on leaving.

,It is essential that the form used by brief and easy to complel.=.
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A user who has just dropped in to return a book does not
want to sit down for five minutes or more to answer a
-d&tailed questionnaire. In Durham, cards have always beenused because they can easily be filled-in while standing up.The best size is a postcard: some identification details
on one side, two or three simple questions on the other -the survey staff can stamp on the times of entry and exitif these are renuired. Such a card wastes as little ofa user's time as possible (20 seconds if he is awake) and
therefore induces low "consumer resistance". Of course,one can never overcome the problem of the professor who will
take five minutes to explain why it is a waste of his time
to spend thirty seconcth- filling in a card; but an under-
graduate revising for Finals will spare thirty seconds wherehe feels that five minutes is an imposition.

The instant diary survey is of great value in obtaining
information on a variety of the users' activities and is arelatively cheap way of obtaining such information. Appendix2 gives a description of a survey of this nature carried outin May of 1968.

T. Questionnaires

"Questionnaires" here means the kind of survey in which forms
are disseminated (usually by post) to the members of a group,or selected individuals of that group, with a request that
they complete and return the forms in thier own time. Thiskind of survey can be used when it is desired to assess therelationship of the library to total information activity;
or to as, -?..ss the place of the library in the lives of thepopulation generally rather than in the lives of those whohappen to use it on a particular day. The questionnaire isa less precise method of gathering detailed data about library
use - questions must be general, memories fade, and facts a.remore easily obscured by opiniOns. For example, an instantdiary survey was carried out in Durham for a week, and the
average length of time spent in the library by undero,aduates
was established. The following week, a questionnaire askedthem how 1,ong they had spent in the libraries in the week ofthe survey. On average, they over-estimated by 60%. Thiswas probably due to a combination of .faded memories and anassessment of their personal-costs in, using the library.

There is a tendency to make questionnaires too long and compli-cated. Perfection is difficl.?.lt here: some of our own took'far too long to fill in, even;if the respondent knew all theanswers. Twenty minutes is tile absolute maximum one canexpect, unless the rewards of giving the information are imme-diately apparent to the respondent.

For example, one question asked was of the form "At what times--of day did you use the library last week?" Three periods ofthe day were given (9-1, 1-5,.5-9) for each day of the week.
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It is extraordinarily difficult to remember this kind of
information, short of keeping a diary, and there is not much
incentive in forcing oneself to remember. It is very easy
to spoil the sample by holding too freauent surveys or in
trying to collect data which does not seem to have any conceivable
relevance other than satisfying mere curiosity.

A useful technique is that of starting off with a general
questionnaire, followed not less than six months later, by
another which deals in detail with specific points thrown up
by the previous one. One early questionnaire in Durham asked
the academic staff there to describe their main sources of

, information. On the basis of their replies, a fuller question-
naire was designed aJking them to indicate the relative
importance of certain spedfic sources.

C. Interviews

I always read with astonishment the accounts of surveys in which
users are stopped on leaving the library and questionned as
to their motives, actions, attitudes and so on. I have always
felt that this is too much of an imposition on their time,
particularly in a university where the users may be under-
graduates rushing to lectures, lecturers rushing to committee
meetings, or research students rushing to catch grasshoppers
or pyridine thianamide. The only ones with time to talk
are those who insist that surveys are a waste of time. This
kind of survey is almost inevitably selective, unless there
are vast teams of :erviewers available, and it is usually
not possible to employ students for this kind of work, unlike
the instant diary survey (see Appendix 2).

Interviews can be of use however in some situations. If it'
is thought that a postal questionnaire would have poor response;
if a very detailed study of information requirements and use
is under way; if a particular aspect of library services is
being evaluated; or if some pointers are needed as to the
kind of library services to provide in the future. A small .

scale interview survey can be used as a means of highlighting
particular aspects which can thOl be covered in a wider survey
by questionnaire.

As with questionnaires, the questions must be very carefully
composed. I was involved once in a survey in Harrogate. We
were trying to establish the basic knowledge of libraries which
students at a college of further education possessed at the
beginning of their course. This data would then be of use to
the librarian in planning his! courses of instruct_Lon for these
students. The interview schedule was designed with 15 to 18
year olds in mind; we drew a random sample; and wheeled them
in. My first interviewee, unimaginably, was in her sixties
and half the questions succeeded in being irrelevant and

-.impertinent.

2111
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D. ObserVation

Whenever possible library use should be surveyed by direct
observation. Catalogue use, seat occupancy, cueue formation
are all obvious candidates, and some data on operations can
be assembled in this way also. It is very easy to'time how
long an individual user has to wait at the issue desk when
he borrows 'or returns a book:: how long he spends in the
queue, and how long waiting while the issuing cr discharging
of the book takes place. The behavioural scientist is
interested in studying the working habits of users - reading,
writing, etc. One cannot follow the users around all of
.the time - although one of our temporary assistants tried to
do so once (he said it was a fault in 11.: briefing); but
,some kind of activity sampling is possible. In a large
reading-room, from a suitable vantage point, it is Possible
to observe, at pre-determined times, what is appaently being
done by the occupants of pre-selected seats; or the use made
of a selected area of the library can be studied - how many
users wandered along the shelves, how many took books away,
and SO on.

Before doing any of this, the:reasons for doing it must be
.abSolutely clear. It does-not help anyone much to know
that readers spend-20% of their time .gazing into space; no
librarian would Put up a notice saying "KEEP 'ZOUR EYES ON
YOUR BOOKS" - though I did see a notice in a li--.)rary once
which said "PLEASE CLEAR YOUR BOOKS OFF TABLES".

4. USING THE DATA

it is not necessary to be a statistician in or::_er either
to collect data or to use it. There are many simple ways
of using data in ifbraries; and series of data:built. up as
a result can also be used in the more sophisticated techniques
of operations research. The.immediate relevance of the data
is important, particularly if a surVey.is conducted. The
user is happier if he can see some direct improvement in
service-as.a result of being subjected to a. questionnaire. .The
following case-studies relatei to university libraries.

(a). Case study Short-terM,allocation of resources-

This illustrateS what might be called "micro-planning"
-making sensible deoisic:ns about allocation 'of staff duties
from.week.to week. Apart.from the routine day to .day work
of the library, there are always less urgent tLsks tobe
.fitted in somewhere.

. It Might be that shelf-tidying is
'to be done every.week. VThen.should it-be done?

Now this library has a turnstile, and daily-readings have been
taken for the past .few years From these readings it is
immediately apparent that thete is aweeklycycle of use -
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the busiest .full working day is Monday, the least busy is-
Friday-

Average Turnstile Reading
Ratio Monday/FridayMonday Friday

pJat.-Dec. 1966
n.-Mar. 1967

453 334 1.36
543 420 1.29

It is worth trying to discover whether the activities of
the desk assistants are directly affected by the number of
users. So, in one week, a record is kept of the work done
by the desk staff.

Monday 1 Friday
1

Ratio Monday/Friday

Turnstile reading
Books shelved
Filing and unfilin_
of loan records

Total "item-
actions"*

Minutes of staff
time available

620
474

406

1015

1080

480
407

296

746

1080

.

1.29
1.16

1.37

1.36

1.00

2 assistants are available
* item-action: one action concerning one item (e.g. one

book shelved, one loan-record filed).

The overall results support the hypothesis, an(f:

that one assistant could look after the issue Oesk on 7riday
afternoons and thus release the other for shelf-tidying unl...:ss,
of course, all the Triday users come in during the afternoon.
This is unlikely, however, as a survey of library use showed
that, at a "normal" time, twice as many users ened the
library in 'a morning as in an afternoon.

(b) Case study 2: estimating requirements in thc medium term

By extrapolation from the previous study it is possible to lay
out some requirements for pLanning on a year to year basis.

Some aspects of library staff activity have been shown to be'
linearly dependent on he amount of use made of the 1ibrary.
If some sensible predictions can be made about the future use
of the library, it is then possible to estimate the amount of
jimior staff required. If this can be combined iTh predic-
tions concerning stock acquisition, some light wil: have been
shed on the darkness ahead. Can such Predictions _n fact
.be made?

Some,crude measures of library:use are already av4. Lable

.203
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daily turnstile readings, number of books borrowed during
the year; since the first of these has implications for the
-library staff activity, so has th-3 second. What can be used
as a base-line for predicting the future levels of these
activities?

Universities exist because there are students, so that the
number of students_should affect the use of a unive7c.sity
library- Given that

Lib:cry Use ecNumber of students

t'aen

Number of -S-t.adentS bekt year = Library use beXt year
Number of st',tdents this year Library use this year

The table shows the actual figures and the predictions based
on the above relationship. .

1966/67
Actual

1967/68
Predictions

1967/66
Actual

Error in
Predictions

No. of students 2810 - 2990 -

No of loiims 12960 13790 13980 1.4%

Max. daily reading
of turnstile 1095 1165 1180 1.3%

I

Max, weekly reading
of turnstile 5790 6160 6010 0.8%

1

At first sight, it _-.00ks as if the propo6tion is proved. How-
ever, a closer look is needed. What if the error in the
prediction should be larger than the, actual increase in the
figures Conterned?

No. of
students

No. of
loans

Max. Daily
Turnstile

IReading

Max.. Weekly
Turnstile
Reading

Percentage increase
1967/8 over 1966/7 6.4 7.9 7.8 3.8

Nal11MmM11110

On this basis we can say that the actual increases in the levels
of activity are five or six times as great as the errors in the
predictions. As long as this holds true, extrapolation of
this kind may be useful on a.year to year basis. This is not
to say that student numbers hold good as an indicator in all
universities; and in any one,institution, a change in regula-
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tions or services can have a considerable effect on the levels
of activity.

A point of wider interst is raised by the second table. The
number of loans is increasing more rapidly than the number
of students. This suggest that there may be a change
occurring in the reading habits of students. Why is this? -

The data has suggested an important problem which is of
great educational significance, and of interest to a wider
audience. So this trend must be investigated - there may be
strong opinions within the university as to whether this is
a good thing or not.

Another point which is raised from perusing the data. The
maximum daily reading of the turnstile has increased - twice
as much as the maximum weekly reading. This suggests that
the use of the library--is becoming more uneven over the week,
and this may cause some timetabling problems (for the library
staff).

The other half of the problem is predicting the rate of
acquisition of books. A hypothesis worth testing is whether
the published data on average book prices cante used as a guide.
In fact, the sample we tried first in Durham had an average
price of £2.15. 0. - almost exactly the average price for
adult non-fiction books in B.N.B. that year (B.N.B., 1968).
This was so exciting that we pursued it further into the
realms of disappointment. .The average price did not, as
we had hoped, fluctuate in the same manner as the national
figures - as why should it? since universities buy foreign
books as well. Not only did the local figures vary widely
from the national ones, they also decreased in some years
when the national figures rose. Some quick calculations
on published data from other universities also showed an
erratic pattern. This suggeSts that maintaining a fixed
number of catalogues may be an inefficient method of working,
as they are likely to find tithe on their hands in one year
and to be_overworked in another. A more flexible staff
structure -S-eems necessary, so that in the lean years the
librarians can promote the use of the literature, and in the
fat years they can concentrate on the provision. At all
times a continuing appraisal is required of the use of the
literature actually-purchased. This is particularly true
of periodicals, with their heavy continuing commitment.. Some
typi.cal findings oan be usefully summarised here.

(1) A sample was drawn from.the accessions register of books
added ,to the library. 'After these books (originally
suggested for purchase by the academic staff) had been
on the open shelves for one year, they were examined
for evidence of use. 45% had -.ever -)een borrowed.

(ii) Users were asked to initial the issuesof current periodicals

205
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which they consulted. Preliminary results indicated
that 20% of the titles had never been consulted; there
were also reports that some users initialled periodicals
which they did not themselves use but which they thought
should be kept as insurance.

(iii) A collection of duplicate textbooks was provided in a
university library. All the books included in it
were nominated by the academic staff or suggested Dy
students as essential reading. After two full terms
of availability over 4096:of the books had not been
borrowed. This is not to suggest that either academic
staff or students are at fault - a complete year's data
not being available.

(i,) A discussion occurs on the re7-ative place of the
university library and departntal libraries. Books
for purchase are selected by the academic staff for all
libraries, and it is stated that "Infrequency of use
is one of the main criteria for selecting books for
the university library".

The argument "We are building for posterity" may be valid,
but continuing this process to extremes has ludicrous results.
It may well be that more would be gained by diverting some
funds to purchasing alternative sources of information, and
there is some data to support this.

(c) Case study 3: medium-term allocation of resources

Another paper at this seminar deals with the application of
linear programming to library planning (Morley, 1969). This
sophisticated technique', using a few seconds of computer time,
yields much information on possible future policies. Data
on resources, activities and operations is required - all
of which can be obtained relatively easily. The descrip-
tion herefers to the data collection necessary for the
calculations relating to the DurhaM Arts/Social Sciences
library during one term.

(i) Resources

It is important to work within,,a particular model, in order
to decide which resources are-relevant. Thi.: will be
determined by the activity considered, and the operations
involved in those activities. If it: is decided to exclude
Administration and Committee work from the model .den the
resources devoted to these activities.must be deuucted from
the total available.

In a simplified model, the bookstock of the library is not
taken into account. The shelf-space,available for new books
.j_s relevant, and also the amount of shelf-space occupied by
one volume. An accurate estimate of the former was available
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in Durham; the latter was not known with any precision,
and this had to be fcand. Some 300 shelves
in all parts of the library were selected; the books on
them were counted, and the amount of shelving occupied was
measured. As a result, ten books per linear foot was
adopted as a standard measure - this accorded well with
data from Newcastle University which later became available.

(ii) Activities

Information as to the activities comes from various sources.
The number of loans made is a standard compilation, as is
the number of inter-library loans obtained and provided.
The number of books added to stock is derived from weekly
figures kept by the cataloguing department. Other figures
are estimates based on surveys. Turnstile (or rather,
pressure pad) readings are available covering the whole
period under consideration; from spot-checks made previously,
the bias of the recording device is known, and an accurate
estimate can be made of the numbers using the library. A
survey in May of 1968 provided a check on the likely numbers
of users who worked in the library without library materials
and the average time spent in ,the library. Earlier surveys
(in 1966 and 1967) had shown approximately what proportion
of users had consulted the library staff, and checks on this
were provided by data from Newcastle (1968) and Edinburgh
(1967). From the3e surveys it was also known how long was
spent in the library by users who had only consulted the
library staff during their visit. This evidence suggested
that on the whole, undergraduates make "short" consultations,
and academic staff make "long" consultations. A reasonable
assumption to make is that undergraduates consult junior
library staff (on the issue desk), and that academic staff
consult senior library staff. On this basis the activity
levels for user services by senior and junior librarians were
calculated.

(iii) Operations

All of the figures concerned with operations had to be calcu-
lated from first principles, in ordei, to provide the technical
coefficients for the linear programming calculation. To do
this completely would requirel Ian extended method study and
a lot of effort. SOme short cuts can be taken, however,
which make the work manageable..

The activity described as "Increasing library stock" (I) covers
a wide range of operations. ,liInitially, it involves senior
librarians' time - checking and approving a recommendation for
purchase; clerical time - typing an order; junior librarian
time - filing the order slip,. When the book arrives it may
be in a parcel - unpacked by, porterss it is then accessioned -
junior librarian; an invoice will be checked - senior librarian.
Then the book is catalogued and classified - senior librarian;

,

207
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processed - junior librarian; and shelved - porter, junior
librarian. The catalogue entry is typed - clerical;

- 'checked - senior librarian; reproduced clerical; and
eventually, filed - senior librarian. Not many of these
activities are amenable to timing for individual titles,
for obvious reasons. Over a period, it is possible to
make some estimates which will be close to the truth. If
a team of four cataloguers deal with 270 titles in a week,
that is about 32 minutes per title ("national average"
cf. Friedman & Jeffreys, 1967). If the assistant librarian
(acquisitions) can check 40 recommendations in an hour,
and pass an invoice for 20 items in 40 minutes, that is a
total of 3.5 minutes of his time per title. In this way
the technical coefficients for the activity "Increasing
library stock" are gradually built up. A point to note
is that the user's only concern with this particular
activity is the book on the shelf, and the means of locating
it. The rest is purely librarianship.

A similar process was necessary for the other activities.
"Working with library materials'in the library" (LML) is
one case requiring estimates derived from surveys. The
only library-staff time involved is that needed fo.r
shelving books left on the tabies by,the users. The survey
in May 1968 suggested that twO-thirds of the books were
re-shelved by the users themselves. As a result, it was
caltulated,that every two hours spent by users in the library
working with .library materialSresulted in one book requiring
to be shelved by the library staff.

Another adtivity requiring a variety of separate operations
was "Long loans" (LL). This.covered the operations of
issuing the book, discharging:it on return, and shelving,
with the associated filing activities. Some trials were
ade - such as timing the filing of 100 loan records, and
checking on how long it took to discharge a loan. The latter
was extremely variable - anything from 27 to 91 seconds,
depending On how many books oni.a particular subject were on
loan, arid how many bOoks the .bOrrower, had on loan altogether.

A final check: On the Overall accuracy of th.e data is possible.

--
OILL LML LL SL Resource

Available

12.0 0.7 0.0 10.0 0.0 2004

J 3.0 12.0 6.0 80.0 50.0 2330

'Activity level 153 24.8 -53.7 15 1

-Obviously,: the.total amount ofa resource used-must,be not
more than the total available So,. if each activity level
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is multiplied by the amount of a resource required for that
activity, and the products are added, the total must be less
than or equal to the total resource available., Thus from
thelable above

(153x12)(24.8x0.7)+(53.7x0)+(15x10)+(lx0) must be
not greater than 2004;

and (153x3)+(24.8x12)+(53.7x6)+(15x80)+(1x50) must be
not greater than 2330. Both of these conditions

are satisfied, and so our data is on the whole correct.

When considering the fugure, it may be necessary to take
account of new techniques (which will affect the technical
coefficients), and increasing demands (which will,affect
the activity levels). It mayhbe that the resources will
change also. Predicting future demand has already been
touched upon; and different technical coefficients can often
be imputed from other libraries. already using the techniques .

which are being considered for adoption.

(d) Long-term planning

For long-term planning it is necessary to know far more
details of the effects of particular.factors on library use.
Some of the data required may be available from surveys
made in other localities. A major consideration in the
siting of a new library will be the distance of the place
of residence of the users from the library. A survey
at Edinburgh in 1967 showed that the further away from the
library a department was situated, the less likely were the
academic staff to visit the library. This is in part
supported by surveys in Durham in November 1966 and in March
1969.

November 1966: Graduate students & academic staff

Arts Depts. Distance from library.(200 y s 200-500 yds 500-
1000 yds

No of visits/member of dept. 1.38 1.23 0.94

March 1969:: Undergraduates
N

Halls of Residence
Distance from library

<100 yds <400 yds >1200 yds

% of potential visitorsWho
.;.

Used the aibrary afer. 6 p. -M.: /5.4: 5 .'.40 5 23 6
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Another consideration is the influence of sOcial custom,
or the "_group norm." Again.from the Durham 1966 survey

-we find that on the whole, the distanCe -cif the place of
residence from the librry had no influence on the use made
of the library by undergraduates except for those who lived
wEthin100 yards (this is not necessarily contradictory of
the table above, which relates only to evening use of the
library).

In cases where a restricted site is available for a new
library; it may be thought necessary to diVide the library
collections. Evidence on the-desirability or otherwise
of this step can be gained by a study of loan records: an
automated issue system readilY yields inforMation on who
uses whatbooks. This data is tedious to collect by ordinary
manual means,'but it can be very imPOrtant as an indicator of
the degree of inconvenience caused by sPlitting library
collections. A pilot study of the-loan records at Newcastle
University in 1967 showed that of the, books borrowed by
members of staff of the Faculty of Agriculture, 25% were
classified as Agriculture, 26% as Arts and Social Sciences,
and 47% as Biology and Medicine. In Sheffield in 1960-61
the same theme occurred (Saunders et al 1966), as also at
Leeds (Page and Tucker, 1959), ancr=ingham (Humphreys, 1964).

A more complete approach to long-term university library planning
involves not only considerations of the number of books
which are likely to be acquired in the next forty years, but
also of new library technology; the working habits of students
and academic staff; the influence_of' teaching methods on
library use, and other aspects of educational technology as yet
untouched by research.

5. FINAL SECTION

The more sophisticated techniques of operational research
frequently require series of data which are not normally
collected; - Library management is already complex and is
likely to become more so, butjthe use ,of advanced techniques
will help to simplify it again, .provided the data is available.
The fact that such data can already be used in simple ways to
ease the burden of decision-making may encourage librarians tO
make provision for the more advanced techniques being developed.
Sufficient surveys of the use,of university libraries have
been carried out for some general stateements to be made
concerning such use. The need now is for specific investiga-
tions on the availability of books (such as those made at
Lancaster) ; on the influence .of in-library factors on book-
use (see for example, Harris, 1967); and other explorations
into the factors affecting library use.

-One dictum is worth repeating: there is a strong "tithe-
preference" in data collection - 1 .e. the quicker the pay-off,
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the happier are both those who, collect it and those who have
been bothered with surveys.
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-APPENDIX 1

the. UniVerSitiesOf DUrhaM aid NeWCaStle--
1. Instant Diary SurVeys

Code. No.

AiD All users of the Durham Arts/Social Science Library:-
17-23 Nov. '66.

23.

A2D All users of the Durham Science Library: 21-26 Nov. '66.

A3D All users of-the Durham Oriental Library: 21-26 Nov. '66.

These three surveys used the same card form, to elicit
information on the extent and nature of library use.
Response was ca 96%. Materials cost £10, Extra
labour £45. The card took 90 seconds to complete.

The same form was used again in one-day surveys six.
months later.

Al2D Arts/Social Sciences: 16 May '67.

A22D Science: 11 May '67.

A32D Oriental: 18 May '67.

No extra labour was employed. Materials cost was
included in that for the first group.

FlD

F2D

All users, Durham Arts/Social Sciences Library:
23 Nov. '67.

All users, Durham Science Library: 28 Nov. '67.

Response: ca 96%
Extra labour: nil.

Materials cost: £7.

Postcard size forms were used; information was sought,
on the areas of the- library . used, and on the subjects
of the books used inside the library. An attempt was
also made to discover whence library users had come,
and whither they were. going.; The card took 60
seconds to complete.

K1N All users, Newcastle Main Lil.)rary: 22 & 27 Feb. '68.

Response: 97% Materials:, E38 Extra Labour: £13

A card form was used. Info*nation was sought on
extent and nature of use in the library; areas of
the library used; subjectsiof books consulted;
place of origin and destination of library users.
The card took about 2 minutes to fill in. The card
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M1D

MIN

M2D

24.
combined features of those used in the A series
and F series of surveys (above) and likewise was
partly easy to analyse and partly difficult.

The same card was used two weeks later.

All users of 8 departmental libraries,.Newcastle:
12 Mar. '68.

Response: ca 96% Materials: see 1'Z1N Extra labour:- E10

All users, Durham Arts/Social Science Library: 6 May '68

All users, Newcastle Main Library: 6 May '68

All users, Durham Science Library: 6 May '68

Response: ca 96% Materials: E17 Extra Labour: E12

numberA postcard was used asking for information on the
of books used in the library. The card could be
completed in 20 secon4s. Analysis was simple.

2. Questionnaire Survey

B6D Durham Academic Stdff..: Response: 82%

38D Durham Research Students. Response: 56%

Materials: E3 Distributed mid-Nov. '66

A single foolscap sheet, most of which was left blank
for the recipients to describe their information
seeking habits, atid to let off steam generally. The
data thus gathered was used to design the form for a
'subsequent survy (D6P).

D

Analysis Was more interesting than simple.

.....
Durham undergra Uates.

Materials : E 8

Response: 72%

Extra Labour: E95 Distributed late

Two single-side, foolscap sheets,
on library use nd working habits

Nov. '66

seeking information
of undergraduates.

Straightforward tabulation Of replies iS easy; corre-
lation diffiCUl because of:the sheer bulk of thedata.
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D6D Durham Academic Staff. Response: 73%

Materials: E2 Distributed mid April '67

A single foolscap sheet, asking recipients to rank
named information sources (derived from their replies
to 36D). Also asked aboutvacation use of libraries
outside Durham.

Analysis simple.

G9N' Newcastle Undergraduates (20% stratified sample).

Response: 61% Materials: £2 Distributed late Jan. '68

Five foolscap pages. Most questions fairly easily
answered. The surVey was concerned with library use
and working habits, and attitudes to university and
departmental libraries.

Analysis quite difficult for some questions.
.

H7N

H8N

Newcastle Junior Academic Staff Reponse: 35%

Newcastle Postgraduate Students Response: 79%

Materials: £24 'Distributed late Jan. '68 -
mid Mar. '68

Six foolscap pages. Questions on library use, informa-
tion seeking habits working habits. Some questions
required.thinking about. A minimum of 20 minutes
required to complete, this questionnaire.

Analysis quite difficult for this type of questionnaire.

J6N Newcastle Academic. Staff (down to lecturer)
Response: 58%

Materials: £14 Distributed mid Feb. '68

Four foolscap pages. Questions on library use and
information seeking habits. Also asked to rank
information sources (based on D6D above). As in
H series, questions often required thought.

Analysis again quite difficult.
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L6D Durham Academic Staff who receive Social Science
Current Awareness Service Response: ca 95%

Materials: El March '68

A preliminary-evaluation of the current awareness
service. Questions required some thought, but
assistance was given where necessary by one of the
Project leaders.

Analysis simple.

3. Survey Ratings

Series letter

A

User Inconvenience Difficulty of Analysi.2

** **

* ***
:

r *
-

4. 4. ***.

*** *****

*** *****

***. *****

The fewer the stai4, the better the survey,



APPENDIX 2

An outline history of a survey
-
Early April

27.

Need becomes apparent for data concerning
It unrecorded" use of library materials -
how many books are used in a library without
being borrowed.

18 April Decision taken to go ahead with a survey.
Type: Instant diary. Venue: Durham and
Newcastle University Libraries. Date: 6
May if possible.

19 April Date-of survey agreed with library staffs at
both places.

19-26 April

26-30 April

26 April-3 May

3 May

6 May

7 May

8 May _Programmer ;Starts .to write and test program.

8-10 May -0ardS punc1-te4 by computer unit st.ff .

Designing of form: postcard to be used
(see fig. A.1). Arrangements made for
duplication.

6000 surve3icards duplicated. Cost: £17

Finding undergraduates to carry oUt survey.
Experience suggests that it is best to employ
girls where,possible, as thXs minimises
resistance to the survey. Rates of pay
offered: SY- per hour.

Cards delivered to Newcastle to local survey
supervisor (a research student). ,

Survey carried out.at ' :rsities.
Duration: 9 a.m.-10 p ,a_ cost: £12
Number of forms complL 2800 at Newcastle,
1600 at Durbam.

Cards collepted from Newcastle.

.15 May. Preliminary.results available for inclusion
in."documentScIrculated for'a meeting on
'24 May.
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28.

TIME IN .TIME OUT

1. How many times have you visited this library
previously today?

2. How many items of library stock (i.e. books,

periodicals etc) have you used in the library

this visit?

STATUS

Place a tick where the
answer is YES.

3. Undergraduate?(incl.B.Ed) ED
Postgraduate Course?

Research Student?

Academic Staff?

Other?

Please specify ......

Course or Department

' OOOOOOO 4.

Year of study or research

(students only): ring as
appropriate.



Models and Measures for non-profit making services

By: A. Hindle
Department of Operational Research
University of Lancast.,,!T

I. INTRODUCTION

This paper considers the role of Operational Research in social planning.
Since this is a relatively new field of application it is important that the rationale
of the Operational Research approach is critically reviewed. By examing work
in this field I therefore aim to highlight the major difficulties encountered.

Planning can be defined as anticipatory decision making. It is an inherently
difficult activity in that it usually involves a complex set of interacting decisions
and is concerned with future activities in a dynamic environment. Wrong
decisions will usually prove costly because of the fact that plans ordinarily in-
volve the provision of expensive facilities having long lives and inflexible uses.
Alternatively, but equally critically, the plans may concern sweeping reforms
which will be difficult to reverse.

The special difficulties of applying the Operational Research approach to
social planning derive from the nature and organisation of community services.
These difficulties are of two types. Firstly models of the planned process may
be difficult to construct especially if the successachieved by the plan depends
significantly on community behaviour. Secondly, measures of effectiveness are
usually very difficult to devise, not only because of the usual problems of com-
bining objectives measured on different scales but also because the appropriate
value system is often not easy to identify.

II. MODEI T,ING THE PLANNED PROCESS

Pia ing is a creative activity concerned with preparing the future: of
fundemeutal importance is the definition of that 'desirable' state towards which
the organisation should be heading: the goals and objectives:of the organisation.
However part of all planning consists of the selection from amongst alternative
plans and in order to do this it is necessary to predict the performance of each
planned process. The costs of implementing each plan can then be compared with
its expected benefits and the best plan identified.

In this paper, I am, of course, mainly concerned withAhe use of explicitly
forinulated scientific models for predicting performance. We should, howerer,
be unwise not to recognise that science has at present a limited capability, to =on-
struct explicit models and shOuld not, therefore,- underestimate the human
capability-to construct implicit ones, Of course, in many siituations the preciictive
power of scierelfic models has woved far superior to models derived othez

but in latiOn to some pitnomena science is still making a somewhat
hesitant start. This is particifk--mrly true of the explanation and prediction of human
behaviour. Very often in fields mich as health and education_the relevant aspects

K, 0
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system performance depend significantly on human behaviour and these deficiencies
in basic scientific knowledge therefore prove a stumbling block in scicial planning.

For the purpose of subsequent discussion it is convenient to subdivide the types
of models relevant to planning into the following three categories:

(a) Models for forecasting the changes which will occur in the environment if
no plan is implemented.

(b) Models for predicting the performance of plans in a hypothetically fixed
environment.

(c) Models for describing the way in which the environment will respond to
the planned process or be affected by it.

In social planning these often correspond to models of demand for community
services, the capability of the planned process to meet a given demand and the way
the process will affect the demand. In order to clarify the nature of these three
types of models it may be helpful to discuss a problem of planning in the poliv field
outlined by Sargeaunt (1966). The first part of this problem is to predict the
increase in number of crimes committed if no significant changes are made ii
police activity. The second part of the modelling process requires an estinz to
be made of the way in which plans to increase manpower, improve forensic methods
and introduce superior equipment will increase crime prevention and detection.
At the final stage it is necessary to model the effect of the measures designed to
increase crime prevention and detection on.criminal activity.

Before discussing these model types in more'cletail it is important to now
that outputs required from models for community services vary a great deal1
general nature and are in some cases difficult to quantify.

Models for forecasting changes in the environment are usually very un-
sophistivated. Simple assumptions are frequently made about the form of the
model and then its parameters are estimated from historical data. For example,
in hospital planning forecasts of morbidity rates are usually obtained from srina-4ht-
line extrapolations of past statistics. Foreeasts of this type are notoriouslymo.---
reliable not leest because of the possibility of radical technological developnnents.
Thus prediction of the requirement for tuberculosis sanatoria derived'in this7way
following the last war resulted in the building of many now useless buildings Jan
ternOte 'country areas. 'An alternatiVe to basing forecasts on past data is to iIj
More On relevant expert opinicin. This approach has been used in a very detaiiieE
Way in planning urban renewal. SUrveys have been Undertaken, for exampl, 'rsa
which qualified building inspectora estimate the useful lives of existing pro
A CaSe in wfAidi these two forecasting approaches were combined is illustratedby
the goveri1n -nt white paper,:. "The I/mg-Term Pemandifor Scientific ManpawieL-_"
(1962). I t_ estimates of demand are obtained by making assumptions aincnt
the pen-name of critical ratios such as work force to population, manufacrL,ring
industry to :her industry, students tcy teachers, etc. and then projecting trtaith
inpopulatic growth, industrial development, and teacher supply twenty years;
into the suture. The forecasts derived were then doctored to allow expert cats:don

-

ralditIlli

to modify the outcome.
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Beer (1962) pinpoints the precarious nature of these forecasts by noting
that if, as is possible, the level of technological sophistication in the iron and steel
industry was raised to that already existing in the oil, chemical and electronics
industries the increased demand produced would of itself, be greater than the
total increase projected. As a.result of the unreliability of these forecasts Beer
concluded that it is better not to attempt detailed forecasting of an uncertain future
but that it is preferable to design processes which are adaptable - "Away, then,
with attempts to forecast the state of affairs ia 1970 - which is known only to God."
Ackoff (1966) takes a very similar line in considering that planning should be
concerned with making provision for the inevitable.

Modelling the performance of a planned process in a given environment has
proved easiest where significant phenomena are physical. Thus, although details
of work in the military field are not fully published it seems that appreciable
successes have been achieved in modelling weapon system performance. Similar
success has been gained in modelling transport systems and in relation to water
resource projects. However, the difficulty of modelling increases when the output
depends more significantly on human behaviour; as in the library context. This
difficulty has also proved frustrating in those marketing problems where per-
formance depends on consumer response. Work in the hospital field where I have
done most of my work provides interesting examples of situations which system per-
formance is concerned with physical and economic phenomena on the one hand and
with psychological factors on the other. At the physical end of this spectrum are
the innumerable models of out-patient waiting time produced since 1950. Economic
models have also been developed. In these, patient throughput, expressed in terms
of standardised treated cases, is considered as a function of resource inputs such
as medical and nursing staff levels. At the physiological level Howland (1960)
suggests an adaptive control model in which a hospital is regarded as a system for
controlling and regulating parameters like body temperature, heart rate and blood
pressure. Finally Revans (1961) develops a model based on psychological theory
whereby performance, considered in terms of morale, is related to the degree and
nature of communication between people in the hospital. He, in turn, relates
morale to certain indices of the effectiveness of treatment of patients such as
length of stay and crude mortality rates. The relative abundance of physical
models as compared with those concerned with patient health and welfare suggests
that the difficulties of modelling these latter factors have 'forced work to concentrate
on perhaps less relevant aspects. .

The final group of models is concerned with the way in which a plan and the
environment interact and in particular with the nature of the public response to
the plan. Models of this type tend to be little more than assumptions. For exampl.
in studies examining flood control schemes it is usually supposed that farmers will
use all land freed from the danger of flooding in some optimal way. Again in road
projects very simple and apparently arbitrary assumptions are usually made about
the amount of traffic which will be Aiverted from existing slower roads. Rarely
is any market research undertaken to gauge the likely community response to
social plans. This is surprising when considered in relation to the cost of many
social plans and when contrasted with the attention given to market research in the
commercial field. The response of people to a plan depends largely on the
existence of unsatisfied needs. These needs are translated by complex processes



into specific demands for service. In particular the demand is likely to be a
function of the type of service provided. For example, in relation to the demand
for medical care, a specific request for service depends on an individual's
assessment of his state of health and his knowledge of the type of services avail-
able. Attempts to provide services to meet popular expectations are very likely
to stimulate almost insatiable demands as the iceberg of unsatisfied need is revealed.
This is demonstrated particularly clearly in the health field by extensive studies
carried out by Logan into the need for medical care.

III, MEASURES OF EFFECTIVENESS

Once the stage has been reached at which we have models Predicting some of
the relevant outputs of rival plans we require to determine which plan is the best.
Since it is unlikely that any one plan will be best in all respects, an attempt is
usually made to develop a criterion of overall effectiveness. The need for such
a measure has, however, been'questioned on the grounds that, since the decision
maker is the only valid source of the values to be associated with each output, it
would seem less devious to allow him to choose directly between the plans. Whilst
this may be true in situations involving a strictly limited number of alternative
plans and outputs it will ordinarily be difficult to present the relevant information
in a form comprehensible to the decision maker when the number of plans and out-
puts is large. Thus in these cases at least a measure of effectiveness is probably
essential and even in the simpler cases the decision maker may well prefer to have
the output information summarised as a single number.

Accepting, therefore, the desirability of a measure of effectiveness I must
consider the difficulties and feasibility of constructing one. As mentioned in the
previous section some of the outputs of social systems liave proved difficult to
quantify and quantification would seem a necessary preliminary requirement to the
development of a measure. Further it may well prove difficult to determine the
true values held by the decision maker in relation to the various outputs especially
if he must provide precise numerical statements.himself. A good example is
reported by Ackoff (i962) when he describes a, problem concerning the planning of
a dent4 service.. He takes the objective to be to maximi ze dental health for the
maximum number of people at a given cost. Unfortunately no-one including dentists,
has managed to define dental health and therefore it proved KM a ssible to specify
a single output as its measure. The inputs and outputs which thus had to be used
to characterise the service were,

(a) The various types of dental ailment= be treated.
(b) -The number of people treated for earat type of ailment.
(c) The cost of the service to those who are treated.

The problem was to determine what seres -should be offered and what
charges should be made. In order to do this it is necessary-to determine, for
example, whether it is better to clean the teeth of one thousand patients or to
repair the cavities in three hundred and clean--eeth ha five hundred, assuming
equivalent costs. Likewise, the relative value of providing dentures to senior
citizens or offering orthodontia to junior citizens has to be assessed. Mthougn
Ackoff states that he managed to devise ingenious methods _for comparing plans_he
indicates that it proved impossible to combinerhe numerous coutputs into a singile
measure.

22p



At Lancaster a similar problem has been tackled concerned with the de-
ployment of police patrols. The problem, in general terms, considers the position-
al distribution of patrols and the number of patrols of various types to deploy at
different times of day. The essence of the problem is that the possible outputs of
patrol activities are numerous and varied: from preventing murder to detecting
breaches of speed regulations. Therefore, the differing outputs needed to be
weighted.

In order tO tackle the problem several surveys have been undertaken to obtain
(from public and police) subjective valuations of a wide range of police achievments
(Chambers 1968). It should be noted that the feasibility of obtaining meaningful
values for some types of factors, by any means, has been questioned by some
writers. Thus Hitch (1953) in considering how best a family should spend itti
income doubts whether it is possible to obtain the utility associated by the family
with various goods and services. He states, "we could not write down the family's
general utility function because the family could not tell us what it was, and we
could not conceivably derive it from any other source'.' Two methods which have
been suggested for assessing values are firstly to derive them by observing market
behaviour and secondly, or alternatively, to estimate them by simulating the
decision environment.

Since, in the social field, the market-price mechanism, if it operates at all,
does not operate freely it is impossible to obtain market values directly. If,
therefore, it is the market values that we seek they must be imputed M some way.
In some cases this may be relatively simple; thus, for example, the water provided
to irrigate previously unproductive land may be taken as the market value of the
crop produced less the costs incurred in its production. In other cases, it is much
more difficult to develop a reasonable argument to support imputed market values.
A case in point concerns the loss of recreational fishing waters which has been
variously assessed as equal to the market value of the fish caught or the wages clic
anglers could have earned by working instead of fishing..

Several specific problems of evaluation have received a great deal of attention
in the literature and by way of illustration I will consider the value to be placed on
time saved by improvements in transport systems. All evaluation procedures
suggested, make the doubtfcil assumption that one minute saved on each of sixty
Decisions has the same totil worth as a single saving of sixty minutes. They
Wlso usually distinguish between working time saved and leisure time saved,
valuing the-former at the recipieut's normal wage rate and latter by noting that
leisure time can be substimted for one of the following:

(a) Wages earned by wurkers. -

(b) Transport expendinmre, by those who travel in their own time and
are able to choose between faster, more expensive, modes of travel
and slower, cheaper mixes. (see Moses and Williamson 1963)

(c) Housing and transport expenditure, by people who can choose
between a more expensive house near to their work and less
expensive house further away, . (see Mahring 1961).
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the subjective ones obtained from relevant experts. That there is a real
danger here will be evident to anyone familiar with the delightful oversimpli-
fications often evident in the papers used ia making high level decisions in
Government Ministries.

Whilst therefore accepting the need for much low level work to be under-
taken in order to develop models, I am not at all convinced that this approach
avoids the real difficulties of measuring effectiveness in several of the community
services. This essential difficulty seems to me to stem from the problem of
properly measuring outputs like level of health, the extent of law and order and
the standard of education, or of library service. These problems are present whe
whether we consider, for instance, for health service planning, the health service
as a whole, a particular hospital or an individual general practice. If Operational
Research is to make a valid contribution to the central issues involved in
social planning these problems of measuring non-monetary outputs must be solved.
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Discussion

Mr. Dammers said that he found Mr. Ford's paper very interesting because it
reflected his experience of actually doing the job of data collection, He added that
data collection was very importan: and, referring to Mr. Duchesne's paper, he said
that failures in data collection had held up the development of management information
systems. Mr. Dammers said that Mr. Duchesne expected that in libraries the
computer would be a clerical tool and if he had meant to imply that computers could
not do more than clerical operations then he disagreed with him. Mr. Duchesne
replied that he had not meant to imply that, but computers had to start somewhere
and at first they would perform routine clerical operations. Dr. Urquhart said
that libraries had become entranced by computers mainly because they did not know
how to run their affairs on quite simple management techniques. He said that NLL
had a management problem: it was necessary to ensure that the photo-copies went
off promptly. The answer was quite simple: it involved someone going round every
evening making sure that there was nothing awaiting photocopying. This was
efficient, and much cheaper than any system involving a computer. Librarians must
make sure that automation was used in the right way, and they must collect the right
sort of data; it did not really matter if a library had 500, 000 or 750, 000 volumes,
the important statistics were those relating to the needs of the users of the library.

Mr. Fairthorne said that Mr. Ford's paper showed that when carrying out a
survey it was important 'not to disturb the animal', and if a survey was to be carried
out in depth, then usually a pilot survey was necessary.

Mr. Dammers said that it was important to look into the future and visualize
the potential uses of computers. Mr. Duchesne said that he had not meant to imply
that it was not necessary to look into the future, or to consider the implications of
things like on-line access in libraries, but it was important to remember the time
scale of when this would happen. There was a big gap between what was technically
possible and what the average library could afford: in Birmingham in 1.972 the
University would have the largest British-made machine at present on the drawing
board, but the maximum number of consoles on line to it would only be 30; this was
very few in the, context Of a large university. He agreed that it was necessary to plan
for the next 20 years, but at the same time it was necessary to be realistic
about what libraries could afford. Simple models were essential so that the librarian
could understand the system: it was no good designing a system to collect masses of
data which took up computer space but which the librarian would never use.

Referring to Mr. Ford's comments on interviewing, Mr. Vickery said that
,

although he acknowledged the shortcomings of the interviewing teclmique .1s a
method of collecting data, interviews could often reveal facts which would be missed
by instant diaries and questionnaires. Librarians as managers needed two sorts of
'data: .,survey data for particular investigations, and routine control data; an efficient
rhaqasement information system should be able to give both types. The control data
waelieeded so that the librarian could see how the library was functioning, e.g.
whether there Was a backlog of books awaiting cataloguing. Mr. Dammers agreed
with this and said that unfortunately sometimes computers had been introduced to
deal with muddled situations where the objectives had not been precisely defined; in
such cases the cOMputer only made the situation worse. Dr. 1.1r,whart' said,that the
management prOblems in librarianship were basically so simple that usually the



introduction of a computer was not necessary. Mr. Snape observed that Dr. Urquhart
had a closed access library which was simpler to run than an open access one. Dr.
Thompson agreed: it was much easier to obtain usage data when a slip was filled in
for each issue than in an open access library which had almost no control of, or
even data on, in-library or reference use of books.

Mr. 3uckland said that there was a Pavlovian response amongst librarians,
who seemed to assume that research on library's problems necessarily implied
questionnaires: he was proud of the fact that during the thirty months of the research
project at Lancaster only 14 questions had been asked of the readers. It was im-
portant to decide first which data were relevant to a particular management decision
and only then to decide how to collect the data: once you knew the precise information
you wanted it was often quite trivial matter to collect it. He described an experi-
ment which was carried out at Lancaster to collect information on the use of
scientific periodicals by use of booby-traps.

Mr. Brookes said that one aspect of data collection which interested him was
that often he had to analyse data from a computer print-out; this took a long time
and often the analysis could have been completed in a few seconds by the computer
if it had been incorporated in the programme. One example of this was the fitting of
Bradford-Zipf curves to MEDLARS data: he regretted that there was no programme
for this incorporated in the MEDLARS system. Dr. Urquhart said that the purpose
of MEDLARS was to provide references in reply to questions, and not to turn out
Bradford-Zipf curves; there was, however, a programme at Newcastle which listed
references under periodical titles. Mr. Brookes agreed that the purpose of MEDLARS
was not to turn out Bradford-Zipf curves but said that a few years ago, when the
organizers of MEDLARS wanted information about the productivity of the periodicals
scanned, they had to obtain this information by clerical means, and he found it
surprising that the system did not provide such control information automatically.

Dr. Thompson said that librarians often thought that the only way they could
analyse data obtained from surveys was by a computer; but the data which librarians
gathered could usually be sorted mechanically and this was much cheaper than
computer sorting. Dr. Urquhart said that at the NLL mechanical sorting was used
when the number of cards involved was of the order of a few thousand, and computer
sorting was Only used when the number reached the hundred thousand mark.

Mr. Duchesne said that there was a tendency for librarians to think that if they
recruited a systems analyst then they could delegate all their problems to him.
Often the systems analyst made a good job of designing the computer system but if
the librarian has not told him the right questions to put to the compufer then the
system would be useless.

Miss O'Connor said that often when the results of library surveys were published
not enough background informatiOn.was given to enable the reader to extrapolate the
results to his own library; one eXample of this was giving the issue figures but not
the number of reitstered undergraduates.

,

Dr. Thompson aSked Mr. Mackenzie What considerations he had taken into
account when he had decided on a central,dniversity library at Lancaster, as opposed
to a nuMber of departmental librarieS. Mr. Mackenzie said that he had not used
0. R. techniques, but had looked at older universities, with fragmented departmental
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libraries, and this seemed to be a very expensive way of providing a library service.
He said that on the whole there had been no moves from departments to set up their
own collections, so they were probably satisfied with the service; even when there
were 8, 000 students at Lancaster the farthest point from the library would be less
than five minutes walk under cover. One of the advantages of the college system
was that there was a good deal of traffic past the library during the normal daily
activities of students and staff, which made it very convenient for them to visit
casually.

Mr. Mackenzie asked how was it possible to evaluate the benefit gained from
exarious library services; e.g. the value of one inter-library loan as opposed to

ten bboks issued in the library. Dr. Hindle agreed that these were fundamental
questions which were difficult to answer but tham some extension of the technique
which he had just outlined might be applicable. Dr. Thompson said that it was nec-
essary to know how important expenditure was in relation to the success in achieve-
ment of various objectives. Mr. Morley said that in defining objectives it was
important to get the opinion of the user. Mr. Mackenzie agreed with this but pointed
out that the librarian didn't always want improvement in the same things as the user;
it was necessary to define objectives first; he cited as an example of this the Chicago
library staff survey of automation objectives. Mr. Morley said that one way of
analysing the expenditure was to measure the output from certain activities. Mr.
Dammers said that one factor was that of the user's time: the cost of delay to the
user must be incorporated with the cost of borrowing an item from outside. Dr.
Hindle agreed that this was often neglected and that more work was needed here.
Mr. Dammers said that it should be possible to attribute a definite value to the delay
in getting material for a research worker; the speed of access to literature had
implications for research programme development - the more difficult the access
the greater delay in the programme; delay would also break the user's train of
thought. Mr. Mackenzie said that the delay (at least in universities) was often filled
in with other activities which the research worker had to do and that this penalty
might in some circumscances be illusory. Mr. Brookes disagreed: when scientists
did not get the specialist information services which they were used to in industry,
the nature of their research was often amended, becoming more fundamental and
futile.
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Planning library services (University of Lancaster seminar)

Aspects of library management research
B.C. Vickery, Aslib

The title of this seminar clearly indicates the purpose of librarymanagement'research - to aid the planning of
library services. If we lookat the matter in its simplest terms, there are four services that a user canexpect from a library:

to provide documents from etock
to provide references from a file
to provide information from documents
to provide locations of documents, stock or fles.

Each of these eervices involves both storage and retrieval. On the one hand, stocks,files, documents and locatiOn lists must be constructed - this is informationstorage. On the other hand, they must be searched - this is information retrieval.Thegke two phases need not be, and usually are not carried out by the same people.So we have eight basic activities:

Storage Retrieval

Document x xReference x x?Tata" x xLocation x x
These activities can be carried out by various "centres of action". At one extreme,all the retrieval activities can be performed by the individual library customer.He does not perform storage activities(except in his potential capacity as anauthor). The construction of document, reference, data and location stores mayall be the function of institutions. These institutions can be local, regional,national,or international, and can vary in subject coverage.

A simple illustration' will help to make my point. An academic researcherwants some information on the 'toxicity of certain chemicals. He searches the(locally constructed) library stock. He interrogates his local librarian, whoscans the (nationally constructed) Aslib directory, and suggests an approach-tothe British Industrial Biological Research Association and MEDLARS. The Associationsearches its index, UK MEDLARS searches its (internationally constructed) tapes.References from these searches are sought in the Regional union catalogue, anddocuments provided by other local libraries. The procedure can be outlined asfollows:

Store construction

Search Agency. :Local' Regional .Nationai International
Individual Library

shelvesLocal

Regional

National

'4d-brat-Y.
yshelves
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UniOn
catalogue

The purpose of this simplified analysisthat face library.management.
-

(1).Looked at-from. the.national
Point,9f,vieWs.,-thers.is the problem. Ofthe allocation:of activities .among ,centres. With regard:to each 'of:ihe:eightatorage:of.

retrievalactivities,:.Whatis.:.the. b.egit:40rbuti9,n of rOglources,:athOngcentres? What degree6 of ubAeCtz.
-

Aslib
directory

BIBRA
index

MEDLARS.
tape

is to suggest the basic problems



specialisatiam are appropriate in each case? Here we are-considering the
optim*sation of the hiebhical library system.

(2) From the viiipoint of an individual library, there is a similnr problem
of reapurce aalocation. Given the existing library system, what stock will be

. locally Provided? What reference files and location indexes will be locally
constmucted? To what extent will external stores be used?.How much searching will
be left:to:the individual customer?

(3).Having de6ided on thm activities to be undertake= locally, each library
has thm.problem of organising each of, them optimally.

(4) Onde in operation, library management needs to manitor activities
orr,lintually so as to be able to react to change.

The solution of these proKlems is the task of systems analyszistfiesii, end
*t is the development aupect of library management.. Be5,nd tir1-3, is tlitg:

rch aspect. It seems to me that library management res,ch has three tia.s.
to provide background data about system components; Cb: to estahilufa relatit
een system variables; and (c)- to develop new techxthue of systemm analysis .

about system components

There are several groups of components in a librar-ya;patm: aochments,
cco 7e7.and records Of documents; equipment and accommod; ;he processes

these.together; operators (library staff); system aisds 'manuals, rules, aatc,
esore..gactual data - both qualitative and quantitatimm ----eibout the, eherlAww-
lcs:of possible system compOnents is needed to aid thm ..e7,ctens designer tr
se among:them.

Librarians already know a good deal about the cherac-m.ristics of deo:averts.
physical bibliography of the bound book is being e7mmde d. to cover physiw-f

----acteristics of other media such as microfilm. InfornmaCion about the varim-
,r- .v.1cteristios of origin (author, publisher, etc.) is mnehrined in our catal_tigmi:ag

The characteristics of subject literatures (volume% rate of growth, fbrms
--,mblication, links with other subjects, etc.) have beem e4plored haphazar="14
-teed continual updating as the field of knowledge deveaops.

Although library activity makes immense use of ever o. kind of bibliograglda
seco44-d, only the catalogue entry has had much systematic study. Recently - eetimalx-
xist?i," by the MARC project - research into records has increased. At Aslib we `_*-ve
,11..de an analysis of the bibliographic and administrative cEs±a elements used in

t.0.-rds of each library activity (refit),

Data about equipment is availableih scattered fomm'in manufacturer&
cmtalogues, and more substantial evaluative information ie becoming available fm=e
such agencies as the National Reprographic Centre, but theme is no;doubt much thet
can be done to organise all this material, particularly se-regards relative costs.

.

The most pressing need as far as processes are concenned is once again coEms
e need tp analyse processes into individual tasks, to establish unit coosts- im.

the sense of the effort expended bY a certain grade of staff under cmrtain
oonditienS. As well as the time it takes to do a job, we alo require knowledge
of the real'time intervals involved - how long it takes for za. book-or a request
tr work its way through the processing system. A fair amoumt of sudh information .

een reported in the literature and also w.tollected by;reetent UK :research

.232
Lastly I will mention users. Studies of user behavi=r) stalegr,1 wants ,_ind

needa have.proliferated in'recent YearS..PesPite much criticicam of t,-,e qua1ir.7
of'itheSe:Studiesi'agoOd..deaI.of..knowledge that-Was previamely impm
.11Las.been.qUantified. Wp"are'nOimoving-into.a period of..uparealistAtdadies -
mx*.404.1-cilser-g/79ups, Partioll?-a. kinds. .of AnfOrmation ker documem±S1
artietaar:Value'id-the.-StudY'of:User:.failures: day they ae sot find...what, thMr: ass*

,



is the cost to the user of using the library - recognising that 'we d_.$,.:c-te mostretxleval activities to him.

Relations between elystem variables

Some relations between variables in a. library system are no mnra: thanroughly quantified common knowledge - for example, scientists use If:tram-les morethan engineers. Other relations may take the form of complex mathemstioal modelsas in BudlOnnri and Woodbur study of the implications of scatter:El:fig andobsolescence.

Since a library system comprises many components, and many c17actmristics
of each component may vary, and many of these variables may intpract, scopefor research in this area is very wide. As an illustration of the compI have In Figure 1 set down over two dozen variables that may affect Jc i'5uccessof user s arch for documents in a library, and hypothesised interacT...zil awtInenthem. For el.;mmple, search success may be affected by the modes of wry% ,c;!Lr theuser adop'6 iluthor, subject, title,etc.) What modes are used may depd,-= Araatmodes are 7rovided on the shelves or in secondary access tools (cabalficaaesL
bibliograheaes., etc.). The modes provided may depend upon the librar- 'E emtdmateof its ucics needs1 and this in turn on the methods it adopts to es77----, ne-ds.

Ho. '13 research to chmose what relations to investigate? Clearizt, t:hr ecriteria car he adamted. First, it must be possible to categorise (-nrefe:To17.az .ana scalar or ..inantitive way) both the influencing and the dependent_ --varSecond, the influencing variable should be one that library managememt o_fl infact manipuulte. Third, the dependent variable should as directly as aorelate to the services that the library exists to provide. To know thmt a ,.:rtistsread more than engineers is useful background information for the -"rilL.-daz_111,:, ,L-uthe must accept the Oers his environment offers. Tn know that discarding
literature more than twenty years old will only affect his userg success rare,'by one percent (or whatever the figure might be) can directly influenced
policy.

There is a danger, however. As soon as we have quantified a particularrelation, established a particular model, there is a natural tendency aptimisebn it - e.g., to shelve books most economically by dividing them into 2 at- 3height sequences. But because of the complexity .of interactions, suggestvilain.Fagure 1, this may not be optimal for other library objectives - to ham several
book sequences may lower search success.

Techniques of systems analysis

In Figure 2 are listed a couple of dozen techniques available tm CI-library systems analyst. Most of them have been developed in the general mausesement !-field, thoup:h a few are native to libraries (e.g. in section 1, citatioa amalz,eis;in section 51 statistical bibliography). EVen to apply standard analyticaltechniques to libraries is a form of developmental research, for they need ito beadapted and tested. At Aslib we have been evaluating a technique of data collection,first tried out at:Lehigh University (ref.200.

Labrary managemant:research needs to be particularly active in develcmingmeasures lof'effectiveness. The importance of even a simple measure of user successhas been stressed at this seminar. Several types of measure have teen employed:(a) What rroportion of potential users do use documents, (b) what proportnn ofalumht Amcuments are found, (c) is needed information obtained fr:m docrunts
s' ,illied (rkaevance assessment) (d) is the user a better man for hz 1.41kg theinformation (assessing user wrfarmeance or preference).

233
Evaluat4mg the effectiveness of our servioes is indeed the crucially

difficult prmblem facing library management. It becomes more difficult as wewiden-the Objectives ofthe-librarY.,-
nn"Pid.er.thP. following hierarchy of

objectives= (1) to 'acquire one copy of every document published on, say, toxieologyV
,

fr
mumommiummirmammim...
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(2) to meet without delay 90% of requests for documents on toxicology; (3) to
satisfy 90% of user needs for information on toxicology; (4) to provide optimum
information backup to those working on toxicology. There is no guarantee that
meeting an earlier objective in the hierarchy is either necessary or sufficient to
saiie#y Its euccessor. Each successive objective is nearer to what we think of as
the true purpose of a library, yet it is successively more difficult both to
specib the objective in detail and to determine whether it is attained. It is in
this =ea of avmanatiinn that neW research ideas are most urgently needed.

In conclusion

I have .71/resented a view of library management research as a back-up to the
practical task= of library systems analysis, design and control. To my mind, it
includes descri7tive --Anelysas to provide data about system components; factor
asseosment to establish 'relations between system variables; and the development
of cr-rtlytical and eveaurrtive techniques. I have suggested areas where research is

nee6em. Me topic is now open for discussion - and action.
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Rpm-ling iTrniversity Library Services: an .overview

By: F. F. Leitmkoliler,
Purdue University,
U. S.. A.

University librariea; are growimg at a steady rate according to a rigid manual
chnology that projects prop=rtional increases in all inputs without a clear under-

standing of the economic ...i.,.11A..iltages and indirect costs of continued development
a/long these lines. The commitment to collect everything that is relevant to a very
Lieterogeneous group of itx. s and to hold large cofTections indefinitely; the need to
Me consistent with past procedures and national standards; the absence of good
marketing mechanist-s, the Inck of funds to experiment with new methods; and the
example of larger libraries t-isewhere all seem to indicate that university libraries
will continue to grow along fairrly conventional limes. Because this projection calls
for exponential increases Ira both material and personnel costs, libraries can expect
to be even harder pressed -Oa the future ;to devote: all available resources to the
maintenance of prorams which offer little promise of fundamental innovation. Indeed

the larger the scale of operations the more difficult it is to foster innovations.

Same .relief is anticipated through the establishment of national, regional, and
=mmercial services which can provide some addithinal economies of scale. But there
L.-13 no firm schedude ffor these services nor hope thPII- they will do much more than

zeplace existing acthilties. The absence ad or delay in stibstantial library
mmovation Ls encouraging the proliferation of ..nlalTiscale information services
-which cnmpete "with rhe lib mairities. for funds and user ;support. These services are

a bettergiosit*on_to exploit:newer technologies and develop specialized user markets.
SuCh competition, while ZITAILD I ting innovation. can lead to serious inequities in the
jorovisim of information services to the academic community and actually distort
nthe collectiwe mission of the univqrsity.

Thera is a need to :and mew ways in whict the traditional mission of the
univearsity liiitrary can be sustained and yet allow for a much greater degree of
flexibility and resourcefulness in developing arad exploiting technical innowations.
This would allow the librwries to respond positively to the conforming pressures of
interlibrary netvaarks and the changing demands and evaluations being made by
Thiary.usera. "The libraries need to be able to bargain effectively with the new
centraliZed services being made available to them, and this bargaining power must be

237



based on the strength of their own teclmical competence andprofessionalresponsive-ress

to the university community. Alt the same time, the libraries must be abLe to

compete with the new kinds of specialrmeci information services being offered to the

usera on an ad-hoc basis.

University libraries should be able to draw considerable economic advantage

from their size, reputation, and monopolistic position on the campus. Furthermore,

their proximity to university research programs should provide them with a

privileged access to the latest developments in information technology. To take

advantage of these opportunities, the libraries must develop the organizational

competence that can enter into experimental ventures and carry out effective marlr
research to justify the introduction of new services. It is important that librarieS

re-examine their planning doctrines so as to justify and secure the additional

funding these ventures will require both by augmented budgets and by diverting

existing funds into more innovatiwe programs. The recruiting of research peonnel

and the indoctrination of present peinsonneI to this end is no small part of the t-7rort

needed for a farsighted program of -library development.

The Computer and the Book

The tecimical issues is library development revolve around the computer andl

the book, two of man% more vemarrkable inventions. In looking back over the past

one hundred years of library development it seems clear that the quest has always

been for greater comprehensiveness and accessability of collections. The ultimate

goal seems to be instant access to all of the world's recorded knowledge. No

library is so big that it does not anticipate doubling its size in the next ten to twenty

years. No Lthrary is satisfied with its ability to satisfy all user requests quickly

and completely. It should be 3no surprise,that some prophetic persons see in the

uouiputer therealization of dais goal and anticipate the day when a giant electronic

brain witt providie man with instant access to all that is worth knowing. But that

day still seenas so far away that it does not occupy a significant place in plans

for libraries of the immediate upcoming generation.

The computer does create an immediate challenge to libraries, not in its

ability to replace the boOk, but in its ability to replace the catalog. Before the

g'3:8
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computer, the main technical issue in libraries was between the book and the card
catalog, that is, between the book and records about books. Books are handy
devices when used individually, but collectively they are cumbersome, difficult
to manipulate, and wasteful. of space. Manual card records are easier to handle
in large numbers, and one can afford to file similar records under different
headings to allow a variety of ..ccess points to the same store of information. Like

books, cards make manual random access to any point the file relatively easy
for both purposes of retrieval and for the inter-filing of new items. However, this
ease of access and ability to accomodate steady expansion is obtained at the price of
a rigid conformity to common rules and lack of adaptation to new needs and
circumstances. The economies achieved through standardized procedures are
eventually offset by the increasing cost of lost opportunities to provide specialized
services as the need arises.

Computer-based information systems offer the advantage of ease and economy
in the manipulation of machine-readable records. For large record systems like
libraries it costs more both to enter new information and to store old information
in machine-retrievable form. Technical advances in both data origination equipment
and storage equipment should reduce these costs substantially in the long run.
Operational changes which minimize the amount of original entry work and make
possible shared use of large data banks will also reduce the costs substantially.
The net effect of these reductions should be to force the cost per record down to
a point which is competitive with manual record systems. Even so, the lthrary
cannot expect to save money on a cost per record basis by adopting computer
methods; the advantages must come through the computer's ability to process data
at fantastic speeds and to manipulate records in a manner which would be unthinkable
by manual methods. How to translate these opportunities into enough tangible
benefits for library patrons and long run economies in library budgeting so as to
justify the introduction of computer technology, is a difficult task: it took 50
years to win acceptance of thetypewriter as the standard way of producing catalog
records.

There are perhaps two positive approaches to the introduction of computers
in the library in addition to the_ obvbus negative one. A conservative approach
would be to encourage the development of systems which emulate existing manual
systems and compete favourable on a cost basis. This is the "cardless catalog"



approach and it offers perhaps the least mental resistance to change on the part of

the library profession. However, it runs the risk of slavish adherence to certain

features of manual systems which are unnecessary in a mechanical system. A

more optimistic approach is to begin with a thorough re-examination of the purpose

and functions of libraries. This is the management systems approach, that is,

by working backwards from the ends to the means of arcomplishing given objectives

subject to certain criteria of performance and limitations on inputs. Where the

necessary technical detail is unavailable for completing some juncture between

an output and an input, a "black box" is substituted and earmarked for future study

and development. This permits one to continue to sketch in the larger plan of a

hypothetical system and identify those key points where basic research is called for.

In practice we can expect to see developments on both fronts. Both approaches are

valid and should be exercised fully at all levels of the development effort with one

as a check on the other. Libraries should seize every opportunity to make use of

the computer in order to familiarize themselves with its use. It is likely that

university libraries and computing centres will be merged someday under the same

management.

The Problems of Size and Retrieval

Operations research concentrates on problems of innovation and transition.

The use of a team of analysts with different scientific baCkgrounds and operational

experience is intended to provide a balanced, objective view of problematic

situations. The focus is on problems and the main effort is to define a set of

research problems which closely approximate the real world problems of a

particular debision-maker. This process of abstraction permits the use of analytic

methods and insights from the entire world of applied science. Problems in

production scheduling May suddenly have important ramifications for problems in

book processing, queueing models may provide important insights for loan and

duplication policies, military search theory may apply in certain ways to the

problems of information retrieval. Model building in operations research begins

and ends with problem formulation, A model is a problem statement in solution

form and is thus the most precise way of stating a problem. The-search for
appropriare models Which Capture the esSentIal features of problematic situations

is the maiñ thrust of OpeiatiOns r6SearCh.



Some attempts have been made to define "the library problem" as the problem
of information storage and retrieval or more specifically as the problem of document
storage and retrieval. With document storage there is a problem of size and space.
Partly it is a problem of growth, and partly it is the problem of arranging items in
space and time in a relatively efficient maimer. Decimal classification is a model
for solving the book shelving problem. It is an orderly, linear way of using space
which works reasonably well in open-stack storage, but is not necessarily the most
efficient way of using space in all ciTcumstances. it has its drawbacks as does any
idealized model. Its chief advantage is that it allows for the indefinite interspersion
of new acquisitions while maintaining some kind of logical order. In practice it
accumulates obsolete, redundant, and mismatched information which tends to inhibit
search (but may give rise to serendipity). Orderly violations of the system are
usually necessary for items with unusual usage panzerns or unusual4dimensions.
Prime space is sacrificed and reshelving is required to allow for continued expansion.
Discard policies are difficult since there is no age control, and the control of losses
and mis-shelvings is also made more difficult.

All of these indictments of the decimal system are not new and have been
considered before. While some modifications of uniform shelving have been made
in certain situations, it still remains the standard for library practice. However,

as libraries get larger and funds get tighter, the advantages of adopting unconventional
storage patterns should be reconsidered both with respect to library costs and service
to patrons. In recent years, theoretical approaches to problems of storage have

received more attention and should provide more powerful methods of identifying
and evaluating alternative storage 2.0.phemes for libraries. These methods may find
their first applications in the spatial arrangements of microform storage systems,
since, while miniaturization provides an enormous reduction in the scale of a file,
it does nothing to change the problem of arrangement except to make it even more
necessary to make a precise mathematical statement of the storage policies adopted.

The use. of unconventional storage policies and microform files usually deny
direct user access to the collection and greatly increase the problem of retrieval.
In fact, virtually every proposal forsolving the problems of library size (inter-
library networks, depositories, clearinghouses and central lending services,

,44,1



information centres, and miniaturization), depend heavily on the notion of remote

access, i.e. the separation of the storage and retrieval functions. It follows that

the highest priority must be given to the intellectual, technical, and social problems

of providing remote bibliographic access to sources of information. The problem

of retrieval is seen as the most important "black box" in the development of large-

scale, automated information systems, and to some researchers it is considered

"the library problem". The retrieval pzoblem and related problems of awareness

and selection have been a central concern of much of the basic research in library

science for a long time. However, progress in this area of research has proven

to be more difficult and more costly than originally anticipated and we seem to be

many years awayfrcrn large scale operational retrieval systems of the kind needed

by a university library. Meanwhile, we can expect to see greater immediate use of

the computer in exploiting the more limited opportunities available in the

management of conventional library materials.

The Library and Its Users

In his recent book, The Systems Approach, C. W. Churchman argues that the

user should be the most important consideration in the design of libraries and

information systems. He is sceptical about the design of traditional libraries.

He finds that they pursue programs without relating them to the needs and

activities of the larger communities which they serve; and that libraries do not

determine the true requirements and costs of their programs; nor do they evaluate

programs in terms of the user's measure of performance, i.e. benefit minus cost.

Churchman is also critical of efforts to measure performance in terms of physical

activity and transactions rather than benefits. He says that the true benefit of an

information system must be measured in terms of the meaning of information for

the user, and the value of acquisition. Thus, the mere computerizing of a

traditional library does not constitute a systems approach. For example, the

computerizing of the Library of Congress catalog fails in this regard because the

basic system questions associated with the catalog and its usage have not been

answered by putting the catalog into machine-readable form.

To Churchman, the more important and difficult question in the design of

information systems is what Model of the user should be incorporated into the
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system. If behaviour is the guide to value, then the model must evaluate information
in terms of user behaviour. But this raises serious questions about the implicit

philosophic assumptions which must be built into such user models and into the

systems which contain them. Even a speculative or "dialectical" information

system which could examine its own premises and argue from different points of

view, does not escape the spectre of dehumanization which Churchman finds implicit

to the whole systems approach. The attempt to use human benefit as the formal

criterion for systems design beComes largely self-defeating to the analyst, who

deals in ideas rather than people. Churchman concludes his discussion with the

remark that: "People are not 'better' just because they process information more

rapidly or more coherently. People are better because they are better in a moral

or aesthetic sense."

Because conventional libraries are essentially manual systems which depend
heavily on the notion of direct user access to stored materials; because they deal

primarily with books, which are large, coherent chunks of information bearing
the personal stamp of authors; because most serious readers have been schooled in

the use of these materials; and because libraries are staffed by trained professionals

who make a personal commitment in vouching for the quality and integrity of their

collections, there are many built-in controls which tend to keep libraries relevant

to the needs of the users. There is always room for improvement and the possibility

of outmoded practices, but the more important problem is how to expand the

traditional system to accomodate the flood of new information and technology and

still preserVe a quality of relevance. It is in the design of new systems that can

handle a many-fold increase in the' flow of information, that we need to examine

carefully the social context in whiCh the system is to operate, especially with

respeceto fact retrieval systeinS, as ChUrchman points out. The promise of these
new systems and the pressures for greater service make it necessary to try to use

the systems approach to identify` the critical problems which are likely to arise in the

projected growth of conventional libraries.

One way to expand the concept of a library and imbed it in a system which

includes the user as an active component is the model proposed by N. R Baker.

Baker depicts the library as part of a service system consisting of three principal

components: the library itself, the community of pOtential and actual users, and
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an administrative or funding agency which supplies the library with resources in

anticipation of user needs. By introducing the funder as the final arbiter of the

proper use of library resources, Baker can examine library performance relative

to user needs and university policies in a formal way. From a study of the interactions

among the three components, Baker concludes that the library can expect to become

increasingly constrained in its decision-making unless it can demonstrate its ability

to make satisfactory decisions before users exercise their influence and before

funders exercise their powers to force decisions in the directions they favour.

Libraries must convince the others that learning, not influence and control, is the

most productive approach to the solution of library problems; and that librarians

are making full and effective use of the political, economic, and technical resources

which have been made_available to them. Furthermore, because of the behavioural

conditioning which guides users in their evaluation of library services, the library

must be quick to advertise any changes and improvements in the services offered if

they wish to get actual and potential users to respond to these changes. The initiative

must rest with the library.

Planning and Programming

By Viewing the library as part of a larger system which includes users and

funders, it can be seen that the problem of measuring the performance of libraries

is first of all a problem of defining the context with which performance is to be

measured.. If the library is seen primarily as a servant of its users, then the users

call the tune and costs become just a matter of getting as much money as possible to

satiafydemands. The management of such a library would have to be particularly

sensitive to the whims of those users who !protested the loudest in order to allocate

resources so as to minimize the general level of dissatisfaction that would prevail.

If on the other hand, the library is seen primarily as the local branch office of an

international system which has cornered the market in recorded knowledge, then

local costs and local benefits would play a relatively insignificant role in the

deterinination of operating policies. Local users would be offered service on a

take it or leave it basis at a price which Would insure the continuance of the system's

monopolistic position.

Both of the above views are obvious distortions of reality, but are not entirely
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fictitious. A third approach is to view the library as an information service agency
for the organization which funds it. Benefits and cost would be determined relative to
the goals and resources of the larger institution which the library serves. The
measurement of performance of a university library would depend on the per-
formance measurements of the university itself, since the critical question in a
decision to add one more dollar to the library budget would be whether or not it
would benefit the university more than if the dollar were spent elsewhere. Exactly

how the library spends the money or exactly which user will benefit .directly from
the expenditure is of secondary importance to the first test of benefit to the universrv

In some respects, it seems that this latter approach merely exchanges one
complex measurement problem for another, i.e. , the measurement of university-

benefit instead of user benefit. It is conceivable even that university benefit
might be defined as being the same as user benefit, in which case we would be back
where we started. But there is an important difference in that the responsibility
for validating the measurement of benefit rests with the university and not with the
library nor with the users. This does not mean that the university must or should
establish the appropriate measures of performance for a library. It would be better

for the library to retain the freedom to do this, but the library should try to make
its measures explicit and the university should approve those measures which are
used in the justification of requests for funds.

This approach to library planning is most consistent with the current interest
in using program budgeting techniques for university administration. Recently, in
the journal College and Research Libraries, J.E. Keller of University of California
points out that "sooner rather than later these techniques of program budgeting and
cost benefit analysis will be applied to library operations." The idea behind the
re-organization of budgets along the lines of specific programs is to facilitate the
assessment of the benefits. In a program budget for the M.I.T. Libraries, R.Shisko
divided library costs between two major programs: instruction and research. This
makes it easier for university management to evaluate the budget relative to the
goals of the university , in terms of both the absolute values for each program and the
relative sizes of the various programs. The orientation is definitely in the direction
of the university's goals rather than those of the library or its individual users.
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While there is a tendency for program budgeting to make the library sub-

servient to the university administration, it is not necessary for this to be the custom;

and in order to avoid this the library must take the initiative in developing the manner

in which library programs are presented and justified. There is no reason why the

library should not shape as well as respond to the goal s=.ucture of the university.

If library effort is reduced ;:ompletely to supporting roles in teaching and research

then the description of those missions should include a more precise definition of

how the library is expected to contribute to them. If it is left to the arbitrary

judgment of certain teachers or certain researchers and exercised after the costs

axe in, then the library cannot develop the kind of long run plans it needs.

13enefits and Costs

The search for acceptable ways of evaluating the benefits and costs of library

services is complicated by the tendency of libraries to rest their case on a single

total cost figure, with the implication that the internal problems of resource

allocation are not subject to analytic scrutiny outside the library and only the total

cost figure can make any sense relative to the goals of the larger university environ-

ment. The possibility of finding a single comparable benefit measuie is extremely

difficult if not impossible. Program budgets ,on the other hand, tend to cut across

established organizational lines and are even devisive in their effort to restructure

the library into a large number of programs which are competing for funds and

reSources from a common limited pool. This makes it possible to focus attention

on the development of cost-benefit techniques within the context of individual programs,

.and it is not uncommon to find most of the formal analytic work at this level. The

larger problem of reconciling the differences between the measures of effectiveness

for different programs is often left to the judgment of top level decision-makers,

although the formal. analysis should helP in establishing program trade-offs.

lit the program level the first concern is to eatablish the correspondence

between valuable inputs and those outputs which contribute to the stated mission of

the program: In general, one expects a greater degree of program success as

More funde are devOted ib a particular prograin.'''The itiiportarit.thing is to find

out the' rharginai br inCremental gains froth aaded'COSta and t8 identify the different



methods of accomplishing the program which are relatively efficient over some
range of activity level for the program.. Cost-benefit reTationships which include

shifts to new methods zre needed for Long-range planning. while those without
such shifts describe the short-run poibilities. Short-rum patterms tend to have
relatively limited ranges over which they are most effecdve, and hyeyond which

costs begin to rise steeply, relative to benefits, as program athry increases.
'The more difficult problems in planning are those situations where process changes
are indicated and substantial amounts .of new investment are requi=ed to effect the
change and permit continued expansion of a program in an effir'irient manner.

This is similar to the problem of whether or not to introduce new programs.

Library programs fall into two main groups: reader service programs and
supporting technical processing activities. The service programs should have a
strong voice in the evaluation of the support programs, since the former are
more directly related to the goals of the university. In a similar way, the users
of library services should have a strong voice in the evaluation of the service
programs. From an analytic standpoint, user acceptance of a library service is
reflected in its demand pattern, that is, in the relationship between the price
users must pay for a service and the use which is made of it. "Price" is defined

here as the effort required of the patron and it is directly related to the time
required of the user and inversely related to the probability of satisfaction.
Another important factor in the determination of a user's price is the value he
pjaces on time and success. For example, faculty and students probably apply
different valuations to these factors; and by making the same service available
to both without distinction, the library in effect prices thefaculty member out of

the market fel' a library, serVice.

The library can reduce the user's price and increase the demand for service
by increasing its own costs, and the important question in program planning is to
know where to establish an optimal level of program activity. One approach is
to find that level where the average cost to the library per unit of service is

minimized, ca avga number of service units rendered per dollar spent
is maximized, l'i5 7; 1 ,f4 a conservative approach which promotes technical

efficiency in tbe i.?-.3;ti.liture qf library.funds, and under certain conditions it

may athieve a veal: optimal solution relative to user expectations also. If it is
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coupled with a wigorous cammaign user.s to the servL=e, this approach

is not Unlike buti-reps policies whi promote the dual objectiyre of producing at

minimum aver23;ge cost and se1lin _ill that is produced at a favourable price.
oweVer, sertpus 1,quities can ar-ise- from a policy based on benefit-cost ratios,

-.1uch as the exclusiom of certain usc rs from needed services or the failure to

.7zmovide necessary services to the university which may be relatively inefficient

on a library cost basis. Hence, thze need 'for curctinual refinement and auditing

of pzogram descriptions .and the methOcfm of analysis, as well as provision for

inre.Mgent intervention by higher decision-makers.

Some Final Remarks

Various problems in the planning of university libraries have been discussed
in terms of what seems to be the most important issueS'at stake today. The main
purpose in doing this was to try to identify those short-run-approaches to the
resolution of these -3rob1ems which are the most promising for implementation
now in the planningof libraries. However, such planning should be Consistent
with the most likely trends over the long run. With respeCt to certain probleins a
high degree pf experimentation and adaptation isrequired. The Main conclusion
to be draWn train this review is that libraries must find a way to divert a
significant portion of their budgets into such staff aCtivities as planning.- control,.'
technidal deVelopment, and market research. A ten percent budget allocation:does
not seern to be unusually high for these purpoSes, but thespecific arnount should be
subjeCted tp.the same kind of program 'review as is indicated for serVice and
processing activities. A final concluSion is that these library development programs
should be -staffed and organized so that they are in close ComMunication with the

entire university community.
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Discussion

Mr. Morley asked-if it was possible to put a value on the cost of a document:
you either know the information in a documerit and therefore didn't want it, or you
didn't know, and therefore couldn't find it; Mr. Mackenzie said that he had come
to the same conclusion by a slightly different route: a person searching for in-
formation finds some which is relevant and some which is not, and it was only
possible to deduce an average cost or value of all the bits of information he has
collected.

Dr. Thompson said that when assessing the value of library services to readers
the moment of truth came -when it was decided to charm for a service; it was possible
to cost on paper, for inter-library loans for example hut this costing only becomes
meanin' gful if the user is actually charged for the service. Nevertheless this practice
would only determine the subjective value placed on such services, which might be
quite different from their absolute value. Mr. Mackenzie said that about a year ago
a coin-in-the-slot copying service was installed in the library at Lancaster and it
was found that 90% of the users were undergraduates, who spent on average £100
a month on it. Thus undergraduates were prepared to pay for photocopying, although
they could borrow most of the contents of the library.

Dr. Thompson said that the National Libraries Committee asked a number of
commercial firms how much they used the National Reference Library of Science
and Invention; most replied that they could not afford to send staff to London to do
literature searches, but us local resources and borrowed from NLL. Thus for
some commercial firms it was worth while to borrow material from NLL, but not
to send staff to London to look at literature. Mr. Dammers said that the costs of
maintaining a library in a firm and borrowing literature from NLL were far less
than the costs involved in sending staff to a central library in London.

Mr. Mackenzie said that clearly more research was needed into library manage-
ment problems and wondered what part OSTI would take in this in the future. Dr.
Thompson described the structure of the recent reorganization at the Department of
Education and Science and the formation of the Library and Information Systems Branch,
and said that OSTI's terms of reference were the same as before. Mr. Brookes
asked about the overlap of the responsibilities of OSTI and the Ministry of Technology.
Dr. Thompson replied that in general terms, OSTI was responsible for research and
development, whilst the Ministry of Technology's interest was in operational systems.
Dr. Urquhart said that OSTI had recently established a Library Management Research
Unit at Cambridge whose brief included libraries for the humanities.

Dr. Thompson said that E60m of public money was spent annually on libraries,
while expenditure on research was probably only about 1% of this figure. Mr.
Mackenzie said that it was easier for industrial firms to decide how much to spend
on research and development, because ultimately there was a pay-off in the form of
sales of new products; there was not often such a tangible pay-off for university
libraries, many vice-chancellors, and even librarians, would be unwilling to sacri-
fice a single book for the sake of research. Nevertheless, he felt that 5% of income
would not be an unreasonable price to pay for the benefits which would accrue. Dr.
Thompson said that perhaps libraries would have to cut down on their services, if
they wished to finance research.
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Universtty of Lancaster Libral-TC-c-.=,sional Papers

1. Some implications for library management of scattering and obsolescence,
by M. K. BUCKLAND and I WOODBUR. May 1.968. Reprinted with
corrections, August 1968.
Out of print. .A photocopy cam be suppliedior 1.3s. 6d, plus postage on
application to ;he Librarian
Also available'through the ERIC Clearing house for Library and Information
Sciences as repomt ED 022 502,

2. An analytical approach to duplication and availability, by M. K. BUCKLAND
and I. WOODBURN. June 1.96B.
Out of print. A photocopy can be supplied fo_F 1.2s. Od. plus postage on
application to the Librarian. IM.S.1) available through the ERIC Clearing house
for 3" 'brary and Infforr-.ation Sciences as report ED 022 51.6.
A revised version of this report will appear in the journal Information Storage
ond Retrieval in 1969.

3. Planning library services: proceeding of a research seminar held at the
University of Lancaster 9-H July 1.969, sbn 901699 01. 2, edited by A. G.
Mackenzie and I. M. Stuart. October, 1.969. 30 - post free, 54 STD

Applications should be made to: Librarian, University Library, University
of Lancaster, Bailrigg, Lancaster, England.

Applications for photocopies from the ERIC Clearing house must be made
threct to:

ERIC Document Reproduction Service,
National Cash Register Company,
4936 Fairmont Avenue,
Bethesda,
Maryland,
U.S.A. 2001.4.
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UNIVERSITY OF LANCASTER LIBRARY PUBLICATIONS

Guides

[1] Charles Baudelaire, 1821-1867: centenary exhibition. Catalogue
by M.C. Pakenham. April 1967. (Out of print)

[2] Current abstracts and indexes, by Ian M. Stuart. October 1968.

[3] Russian and Soviet studies in the University Library, by G.P.M.
Walker. October 1968.

4. Surrealism and Dadaism: a hand-list by L.M. Newman.
September 1969.

Occasional Papers

1. Some implications for library management of scattering and
obsolescence, by M. K. Buck land and I. Woodburn. May 1968.
(Out of print)

2. An analytical approach to duplication and availability, by M.K.
Buck land and I. Woodburn. June 1968. (Out of print)

3. Planning library services: proceedings of a research seminar held
at the University of Lancaster, 9 - 11 July, 1969, ed. by
A. Graham Mackenzie and Ian M. Stuart. September 1969. 30/-

Miscellaneous Publications

Report of the Librarian. 1963/4-

Guide to the Library. September 1969*

School of Education: a guide to the services and stock of the Libraries of
the University and constituent Colleges. June 1969.

Serials list. September 1969.*

Serials. list. Supplement: British Government and international
organisations serials. June 1969.

Ulserplan: a union list of serial publications held by libraries in Lancaster.
September 1967.*

Theses .for higher degrees deposited in the University Library, 1965-1968.

2S1

* Date of the latest revision.

'June 1969.*


